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nuclear instruments 


A outstanding in 
PRECISION & STABILITY 


Non-Overlood 
Amplifier 
and Single Channel 
Pulse Height 
Analyzer 
Model N-302 


For: Scintil! ion Spectroscopy * Single Component Monitoring * Proportional Counter Pulse Analysis 


© Amplifie: Risetime, 0.2 microsec * Pulse Height 
onds; feedback stabilized gain, 15 time 
000, mwa (7,000 max with 1 


Selector; Resolving * Combination provides the ultimate 
1.2 microseconds; 0-100 volt in reliability and stability. Designed 
base line with 40 millivelt per day to handle most pulse amplification 
microse ond delay line clipping stability; O-10 volt window with and height analysis problems encoun 
0-100 volts output with better thar ! stability at 1 wolt; Rate de tered in the nuclear field today 

0.2% linearity; handles large over pendence, i¢cs than 10 millivolts 

lo@eds with minimum base line shift window shifi at 700,000 C.P.5 


Regulated 
High Voltage 
Power Supply 
Model N-401 


Continuously Variable * The Ultimate in Stability 


* The Model N-40! is @ new con 1000 volts——Output impedance 2.5 
copt in regulated power suppiy de ohms 
sign—it provides up to 5 MA of 


* Low noise and ripple; less than | 
current and negative or positive D« 


MV RMS 
voltage—<continuously varigele from 


500 to 1800 volts * Designed for use with scintillation 
and proportional counters or for gen 
* Unmatched § stability cgainst line eral laboratory use—anywhere the WRITE FOR 


change; less than 0.003% per volt vitimate in stability is required at a DESCRIPTIVE 
Regulation, 0.0025% per MA reasonable price BROCHURES AND PRICES: 


These are only two of the many outstanding Nuclear 


Instruments produced by Hamner. Others include Hamner Electronics 


Mercury Switch Pulsers, Scalers, Photomulti P Co., Ine. 
plier Preamplifiers, 3000 volt supply for 


ion chambers, 0-5000 volt high current + hell . Box 531, Princeton, N. J. ¢ PEnnington 7-1320 


supply for photomultipiiers 


Visit our exhibit at the Atomic Exposition and Nuclear Congress, Convention Hall, Philadelphio—Booth #341 
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Of course, we're tickled at this 


| About degree of interest in NucLeonn 
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But the problem isn’t easy to solve 
I and this can be gotten out of the word 
lor greater effectiveness in presenta 
mnemonic by reading it letter by letter 
tation of information and to increase , 
as m to the n, e to the minus m, over n 
ease of reading, we try as much as po 
factorial (the ic is supposed to stand 
Front cover. ug mre ) ible to start each article on a lefthand 
for the factorial and it certainly does 
that the uninitiated do page so that our art director will have 
, seem onomatopoetic on the exclama- 
a great deal of blood ' two-page “spreads” to work with for 
tion point). 


We are indebted to Prof. Larry 
Spruch of the Physics Department of 


tuition and prayers go into the crea his layouts rather than single pages 
of a NUCLEON | CO j which are so restrictive. We’re quite 


month’s creation o1 rit ' convinced that this pa off for the 
™ - I New York University for that par- 
ing Test Reacto | ) reader 
ticular gem—maybe if enough readers 

exception However, there very easy answer 
te end in memory devices, short cuts for 
Che original ide has ' wy ti for our Oak e correspondent 
remembering conversion factors or the 

display the drama of ETR on Virtually every one of our articles i 
number of submarines in the naval 

was to use a photogray reprinted at the request of the author 
reactor program or what have you, 


So we suggest this to those inte 
a ; —— we'll be forced to get Nuclear Mne- 


buildings housing KTR and 
sitting next to on other amid ested in saving articles published in 
: monics going on a regular basis. Send 
vastness of the dah \ UCLEONICS: do exactly as many of our 
Md? ; bate! any entries to Mnemonics Ieditor, 
world s greatest concentratior ) readers aiready doe it ate ol . 
‘ . = , \UCLEONICS, 430 West 12nd St New 
York 36, New York 
rf 
Coming events. In Vol. 1, No. 1 of 


NUCLEONK the inside back cover 


trons being used exclusi postcards made up that read, “‘ Dear 
tion testing gut. althoug!l ’ Sir, Kindly send me a reprint of your 
could be taken for us, v lvi article, ‘ , that appeared in the 
that it would be tough to g he m issue of , Then, it be 


' e re ir «comes a simple matter to file articles 
tary to clear it in time nes a simple matter file articl was devoted to a feature called. “Fu- 
ache ' ou hecnar you want to save 
achedule— tough ' _ dicate ture Issues Will Feature For some 
would apparently be * inexplicable reason we later dropped it 


target information 
And so we fell 
stract iden, the 


Nuclear mnemonics. We're alway Chis month—below——we reinstitute 
casting around for new features to add these previews In the not-very 


to NucLEONICS. One idea we recently monumental process of preparing the 
wound u n th Vel 
oun pon ‘ had wi lor it departme nt called ting below we looked back at the 


rt “lal nut ing this ¢ vl 
trig am _—ve “ Nu lear VM nemoni tur first issue to see 


i mnemoni preview listing in 


core of ETR because ; 
, P , , remember, is a device intended to help vhere NUCLEONK has come in 10 


articul: onth we coul 
particular mont! We 


ou remember ome tuect eC“! thought ou too might be 


“onuse, lo ‘first t n - 
because, for the Now we never did get Nucleas interested in this comparison Phese 


y colors on th 
Img three color - ; \Inemoni off the ground but we do ire the seven articles we listed then 


! mal two and co i tl ‘ a 
our normal ty ; . vant to share with you at this time Nuclear Induction Methods for Iso 


efiect we were seeking vhat would have been its first item tope Analysis Tracer Isotopes in 

° It i mnemonic based on the word Metallurgy, Survey of Particle Accel 

Clippability. On at | ral mnemonic itself and is intended to erator Design, Nuclear Fundamentals 

occasions in recent ‘ " i provide a key for the Poisson formula of Nuclear Reactors, Meson Theory 

have exercised a prerogat ve lo ( for the distribution of counts in radio Research with C'* and Radioactivity 
see them exercise, name! » wl itive decay The formula is Units and Standard 
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We've just gotten a time 


ainaditethanietts tein a aimtienion Coming Features in NUCLEONICS 
cn Se tne ee oo" April = Where Does Fast Reactor Technology Stand Today? 


concluding one article on the front 
of a page and starting another or May Special Report, “Simulation and Computation in Nuclear 


reverse side Phi wetice 1 Mngineering 
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1% rough on ~_— : Nondestructive Te ting in Nuclear Knergy 


files a good number 
your magazine,” June Special Issue on Experimental Boiling Water Reactor 
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| IN THE FIELD OF RADIATION SHIELDING... 
SERVING WE HAVE SERVED INDUSTRY FOR OVER 35 YEARS 


THE 
NUCLEAR 
INDUSTRIES 


RADIATION SHIELDING 
1S OUR SPECIALTY... 


Manufactured and Installed to suit 
the specific requirements of ... 


= ATOMIC ENERGY 

= NUCLEAR INDUSTRIES 

= HOT LABORATORIES 

= INDUSTRIAL X-RAY ROOMS 
= BIOLOGICAL LABORATORIES 


Stainless steel equipment of intricate design, 
fabricated to precise tolerances. Years of ex- 
perience in the A. E. C. field enables us to 
meet your most rigid requirements .. . 


- « ETR recently built by 
O. G. Kelley & Company for the 
A. E. C. installation, Scoville, Idaho. 


YG. KK E! LL, L, E} W 


es 


ENGINEERS DESIGNERS FABRICATORS 


JOHNSON CITY, TENN. ELIZABETH, N. J. CLEVELAND, OHIO NEW YORK, N. Y. PITTSBURGH, PA, 
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* PIONEERS IN THE CREATIVE USE OF 
MATERIALS FOR STRUCTURAL RADIATION SHIELDING 


* JUDGE RAY PROOF BY THE CUSTOMERS IT KEEPS 

















- 
Aerojet-General Corporation 
American Brake Shoe Company 
Chrysler Corporation 
Curtiss-Wright Corporation 
Dow Chemical Company 
ees cies DuPont, E. |. DeNemours & Co., Inc. 
Fairchild Engine & Aircraft Corporation 
HIGH DENSITY Gass Ford Motor Company 
General Electric Company 
Goodyear Tire & Rubber Company 
mane Hamilton Standard 
Div. of United Aircraft Corp. 
Pratt & Whitney Aircraft 
Div. of United Aircraft Corp. 
Reynolds Metal Co. 
Westinghouse Electric Corp. 


GH DENSITY CONCRETE 








HIGH DENSITY 
CONCRETE BLOCKS 


WE INVITE YOUR INQUIRIES WRITE TO DEPT. NUC-3 


RAY PROOF 


CORPORATION 


513 West 54th Street, New York 19, N.Y. 
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BJ Liquid Sodium Pump 


WORLD’S LARGEST LIQUID SODIUM PUMP 
FEATURES MANY DESIGN “FIRSTS” 


This new Byron Jackson pump will be used as a primary cooling pump for 
one of the nation’s first full-scale commercial power plants using nuclear fuel 

The pump ts approximately 32 feet high with a 6 foot diameter. Rated at 
1000 hp, it will pump liquid sodium at a temperature of 1000” F. and deliver 
11,800 gpm against a total dynamic head of 310 feet 

Of special interest are Byron Jackson's engineering accomplishments in 
designing the pump and installation for “packaged” removal, Basically the 
pump ts divided into two sections —(a) suction tank incorporating suction and 
discharge nozzles which will be permanently welded into the system, and (b) the 
complete motor and pump assembly which can be pulled as a unit for routine 
maintenance and inspection with maximum ease, speed and safety. The 
packaged” design even provides for shielding (normally separate from the 
pump assembly) to be integrated within the pump motor support assembly 

[his record-making liquid sodium pump with its special design features 
marks another step in Byron Jackson's continuing leadership in the liquid 


metal pumping field 


~~ GCGekrrenmsnA D 


A SUBSIDIARY OF BORG-WARNER CORPORATION 


P.O. Box 2017A, Terminal Annex « Los Angeles 54, California 


See the BJ Nuclear Pump Display 
Booth 311 - Trade Fair of the Atomic industry 
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‘building which adjoins labora- HEAT EXCHANGER in reactor building will re- 


move one megawatt of heat by forced circulation, 


te _ 
FINISHING touches are applied to reactor 
tory. Doors and building dampers are fitted with gaskets to provide 


a tight seal when closed 


UNIVERSITY OF MICHIGAN LABORATORY ATTACKS 


eactor Putting 


The Ford Nuclear Reactor pro- 
vides an intense source of neutron 
and gamma radiation for basic med- 
ical, biological, chemical, physical, 
and engineering research and prac- 





DETAILS of construction of the B&W Swimming 
Pool Type Reactor at the University of Michigan 
are shown in the cutaway drawing. 


GRID PLATE has 80 different locations for fuel and graphite reflector 
elements, permitting many different core arrangements. Grid plugs for 


unused holes prevent the coolant from by-passing the fuel elements. 





dial 


jew 


ee a 
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Water is drawn down through core, 


through heat exchanger, and then returned to pool. 


pumped 


BEAM PORTS and through-tube facilities (foreground) focus on reactor core 
full-power operating position. Thermal column Cupper right) is stacked with 


graphite blocks to slow down entering neutrons to thermal velocities. 


BASIC RESEARCH PROBLEM WITH... 


Neutrons to Work 


tical training in nuclear technology 
for both engineers and scientists. It 
will also supply some of the radio- 
active isotopes for the many studies 


now employing tracer techniques. 


GRID PLATE is in position to support 
fuel and reflector elements in rounded end 
of pool. Copcrete channels in foreground 
are for pool gate which is raised by crane 
to permit passage of suspension frame. 


In this design the basic pool-type re- 
actor concept was adapted by B&W 
engineers to the special needs of the 
University of Michigan. The equip- 
ment components were fabricated 
and installed by BAW. 


FROM THE BEGINNING of atomic 
energy, at Chicago, Oak Ridge and 
Hanford, to the application of nu- 
clear energy to steam generation, 
like the new Consolidated Edison 
plant soon to rise at Indian Point, 
B&W has had an important and re- 
sponsible role in the field of atomic 
energy. It continues to maintain its 
leadership by backing its long expe- 
rience in related fields with a con- 
tinuing, independent research and 
development program that studies 
the implications and the uses of a 
whole new world of energy. 


FOR NEARLY 100 YEARS, B&W has 
been intimately identified with 
power generation, corrosion re- 


search, heat transfer problems, high 
temperature metallurgy, steam tech- 
nology, and fabrication of heavy 
pressure vessels. The introduction 
of atomic energy found BAW engi- 
neers particularly equipped to cope 
with the problems posed in this new 
field. It was, in effect, an extension 
of familiar problems which they 


were called upon to answer, 


Whether it is a research reactor to 
fit a research budget or a complete 
nuclear steam generation plant, with 
a single responsibility from fuel ele- 
ment to turbine throttle, consult The 
Babcock & Wilcox Company, Atomic 
Energy Division, 161 East 42nd 
Street, New York 17, New York. 


AE-36-A 


- 
BABCO rs 
4 WikCOxe , w) 


ATOMIC 
ENERGY 
DIVISION 





ENGINEERS 


AND 


SCIENTISTS 


at all levels of experience 


YOU'RE CLOSER TO BEING A NUCLEAR EXPERT THAN YOU THINK 


Only a handful of nuclear propulsion ex- 
perts exist today and General Electric has 
decided to develop its own specialists in 
this growing field. 


f you are a mechanical, aeronautical, electrical, 
chemical or civil engineer with training in any of 
the areas listed below, or a physicist with up to 
five years’ experience, there may be a place for 
you in General Electric's Aircraft Nuclear Propul 


sion Department 


Your present sk can be utilized at once in many 
aspects of nuclear propulsion development, al 
ready at the product stage at General Electric 
The many things you'll need to know about nucle 


onics will be provided by General Electric through 


w in-plant seminars conducted by specialists 
# (n-the-job contact with nuclear experts 
= Company-sponsored advanced university study 


Men who join General Electric will find that their 
personal growth will keep pace with the expansion 
of the nuclear propulsion field itself 


IMMEDIATE OPENINGS FOR MEN 

WITH TRAINING OR EXPERIENCE IN 
Thermodynamics Turbo-jet applications 
Stress & Weight Analysis Environmental testing 
Heat Transfer Controls 
Fluid Mechanics Instrumentation 
Shield Design Facilities Design for 
Remote Handling nuclear researct 
Reactor Design Flalem ast alaled 


Also a few high-level openings for men with nuclear background and experience. 


LOCATION: 
Cincinnati, Ohio or Idaho Falls, idaho 


SEND REPLY IN CONFIDENCE TO: 

Mr. J. R. Rosselot Mr. L. A. Munther 
P.O. Box 132 P.O. Box 535 
Cincinnati, Ohio Idaho Falls, Idaho 


GENERAL @@ ELECTRIC 
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PARSONS is performing 


Nuclear Engineering Projects 
FOR INDUSTRY and GOVERNMENT 


POWER ee RESEARCH | “ ; 
Nuclear reactor systems and Facilities a ng, Weapons environmental + a 
support facilities for power id oper c Search; laboratories and e 


generation and transmission. 


INDUSTRIAL CONTROL 
PROCESS AND SAFETY 


HEATING Hazards analysis, site selection, 
Systems for space heating; instrumentation, process and S| 
petroleum and chemical pro- quality control, safety engineer- ra ' ‘ie 


cessing. 


_ and waste disposal. 


ep’ 





ENGINEERS + CONSTRUCTORS 
LOS ANGELES 





Sj arsha 


SODIUM IODIDE (Thallium) SCINTILLATION CRYSTALS 


for Gamma Radiation Detection Instruments 


Harshaw Quality”. . . inherent in each Harshaw-made crystal 


The high purity, clarity, and proper activation of Harshaw 
Crystals are a natural result of our long pioneering experience 
in the delicate art of crystal growing 
Harshaw Purity means light absorbing impurities are 
reduced to infinitesimal traces 
Harshaw Clarity gives highest possible transmission of the 
crystal’s own emitted light 
Harshaw Activation means the optimum thallium concen- 
tration ensuring maximum energy conversion. 
Our crystals are normally supplied hermetically sealed in 


aluminum containers engineered to secure maximum light 
collection. We will custom design these units to fit your spe 


cific requirements. Harshaw crystals are currently used in 


nuclear physics research, well logging, uranium prospecting, 
medical research, and industrial process and product control. 
No need to specify ‘““Harshaw Quality’ . you get it auto 
matically when you order Harshaw Crystals. We encourage 
requests for technical assistance. Prices, specifications, or 
other information will be sent in answer to your inquiry. 


OTHER HARSHAW SCINTILLATION CRYSTALS AVAILABLE IN THE FOLLOWING FORMS 


Potassium lodide (Tl) . Cesium lodide (TI . Cesium Bromide (TI 
Anthracene ° ytilbene . Naphthalene 


Lithium lodide (Eu) for neutron detectior . Sodium lodide (rough cut blanks) 


THE HARSHAW CHEMICAL CO. 


1945 EAST 97TH STREET ° CLEVELAND 6, OHIO 





Setup for 1500° F 
creep test proves... 


Inconel “X” 
withstands sustained 
high temperature 
and stress 


What alloys creep the least when 
exposed to continued high heat and 
corrosion? 


To find out, metallurgists use the 
setup shown. They grip one end of 
the alloy specimen (A) with a fixed 
rod (B’), grip the other with a 
loaded rod (B”) free to move. To 
measure creep, they periodically 
gauge separation between collars (C) 
set-screwed to specimen. During the 
run (often months or years) tem- 
perature is carefully controlled. 


Hard on specimens . . . harder on 
the grips and collars 


In the test, the alloy used for grips 
and collars acts as a “gentleman’s 
gentleman”... stays with the speci- 
men till failure. Then does it again 
and again with specimen after speci- 
men 


In the 1200 1500°F range, 
Inconel “X”’* age-hardenable nickel- 
chromium alloy is widely used for 
these grips and collars. 


Endurance of alloy leads to its 
use for nuclear equipment 


Wherever highly stressed struc- 
turals must function up to 1500°F, 
Inconel “X”’ alloy is often specified. It 
provides 100-hour rupture strength 
as high as 29,000 psi at 1500°F. It 
also offers outstanding structural, 
mechanical and chemical stability; 
excellent spring properties at tem- 
peratures up to 1000°F; high resist- 
ance to galling and abrasion; low 
coefficient of expansion; low creep. 


Get a complete rundown on Inconel 
“X” alloy, its properties and use. 
Write for 79-page Inco booklet, “In- 
conel ‘X’,” 


The International Nickel Company, Inc. 
67 Wall Street New York 5, N. Y. 





Does Inco make other low-creep 
high-strength heat-resisting alloys? 


Yes! Other excellent inco Nickel Alloys 
are produced. Still others are in re 
search. Inco's Development and Re- 
search Division will be glad to advise 
on the use of these alloys. Just write 
* Registered trademark 
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AN ) Nickel Alloys 


Teeet mane 


Inconel “X” 


for long stress-rupture life 
at high temperatures. 





Product Resolver 
Amplifying Unit 
(cover removed) i 


Product Resolver 
Converter 
(cover removed) 


WESTON 


INSTRUMENTS 


yer Se 
pis " be 4 


WESTON inouctronic: 
PRODUCT RESOLVER 


— produces a direct current proportional to 
the product of two varying electrical signals 


© four-quadrant operation 
precise ...0.1] per cent 
permanent calibration constant 
speed — 15 millisecond period 


especially suited to a-c d-c measurements 


This Weston Product Resolver employs an electronically 
balanced electrodynamometer instrument mechanism to 
develop a product output signal from two input signals by 
torque multiplication. The Inductronic® balancing system 
provides precise and rapid response, and an exceptional 
order of response to displacement. The mechanism is unique 
to this purpose and stems from Weston’s long experience 
in the design and manufacture of precision dynamometer 
mechanisms. The complete story on the Model 1482 Induc- 
tronic Product Resolver can be obtained from your local 
representative or by writing Weston Electrical Instrument 
Corp., Newark 12, N. J., A subsidiary of Daystrom, Inc. 

March, 1957 - NUCLEONICS 





PACKLESS VALVES 


YOU CONNECT AND FORGET 


Some valves are good for severe corrosives, others for high 
pressures and temperatures, but these Fulton Sylphon 
Packless Valves are complete valves capable of mastering 
the toughest possible combination of conditions in atomic 
energy plants and grueling chemical processes. They assure 
utmost safety in handling hazardous materials, require no 
periodic maintenance, and practically eliminate down-time 


Typical of how Fulton Sylphon matches valve to process, 
these valves are made of stainless steel throughout, with 
the valve body machined as one unit from solid bar stock. 
And to prevent leakage or contamination, a SPECIAL 
SYLPHON® BELLOWS in multi-ply stainless steel forms 
a permanent, leak-proof seal for the stem. That is why 
they tame the severest corrosives inside and out. This is 
the reason, too, why these valves provide a high safety 
factor in high temperature-high pressure service. 


These and other Fulton Sylphon Valves are available in 
many types, sizes, and metals—all with packless construc- 
tion for greater safety, less maintenance and longer runs 
“on stream.”’ 


A SPECIAL SYLPHON BELLOWS 

which forms the permanent, leak- 

proof stem seal on all Fulton Syl- 

phon Packless Valves offers four 

outstanding features. It is (1) cold- 

worked for greater resiliency and 

longer life, (2) seamless, without 

ou — welded seams to break and leak, 

SEND (3) formed in multi-plies for greater 

FORAY 06S strength, and (4) made in the right 
BULLETIN EV-813 metal for service requirements. 


Robertshaw-Fultow 


CONTROLS COMPANY 


FULTON SYLPHON DIVISION «+ Knoxville 1, Tennessee 
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I0 megawatt heavy-water research reactor 
under construction at Tokai-Mura, Japan 














See booths 117—21, 3rd ATOMIC EXPOSITION, 
Merch 11—15, Convention Hall, Philadelphia 


The AMF reactor being built for the Japanese Atomic Energy Research Institute is 
another example of the important role AMF is playing in the development of the 
peaceful uses of atomic energy throughout the world. 


From initial facility planning to final start-up, AMF is assisting research organizations 
everywhere to build reactor centers that will support both extensive experimental 
programs and personnel training. 


The recognized leader in the design and construction of research reactors, AMF is 
able to draw upon its extensive experience to provide “Custom Designs”, such as 
the JAERI reactor at Tokai-Mura, at a minimum of cost and delivery time. Many 
tested design features have been incorporated in the AMF heavy-water system— 
engineering improvements that have further advanced the safety, versatility, and 
efficiency of this reactor type. The AMF “Unitized” design approach results in mini- 
mum initial costs, greater safety, and simplified maintenance. 


Design Features —AMF Heavy-Water Reactor 


Power—The AMF heavy-water reactor employs heavy water as coolant, moderator, 
and reflector. The usual graphite reflector has been eliminated, and a special thermal 
shield consisting of alternate layers of steel and light water has been incorporated, 
permitting higher power levels than would otherwise be possible. The higher neutron 
flux densities are often required for radiation damage studies, isotope manufacture, 
many in-pile experiments, and solid-state physics work. The AMF heavy-water reactor 
offers standard power levels of 1, 2, 5, and 10 megawatts, with still higher power 
levels possible. Flux densities range from approximately 1.4 x 10!8 at 1 mw. to 1.2 x 
1014 at 10 mw. with 20% enriched uranium. With fully enriched fuel operating at 
10 mw., flux densities of 2 x 10' can be achieved. 


Control — Control rods are of the vertical rather than the semaphore type. They are 
thus not only easily removed for servicing, but provide an even control effect that is 
directly proportional to control rod movement. Both the mechanical and electronic 
portions of the system are of the same AMF design that has proved safe and reliable 
in research reactors now in actual operation both here and abroad, 


Safety All elements of the design have been pointed toward providing the greatest 
safety possible. Among the numerous safety features included are a dump valve for 
automatic or manual lowering of the heavy water, which eliminates the vertical 
reflector. In the event of pump failure, a natural convection path is automatically 
opened to provide emergency cooling. 


A rotary top plug and semi-automatic refueling cask have also been incorporated to 
' P pug g I 

provide for safe, easy refueling, eliminating the need for an individual opening and 

seal for each fuel element. 


Facilities —A total of 30 individual experimental facilities are included in the AMF 
heavy-water reactor. || beam tubes, 2 horizontal through-tubes, 2 isotope trains, 
4 pneumatic tubes, 10 vertical thimbles, and a thermal column permit an exceedingly 
wide range of experimental activities. Motor-driven vertical shutters provide con 
venient access to the horizontal beam tubes. And with AMF's unitized design, these 
reactor facilities can easily be modified to meet specific research requirements, 


For a complete reactor facility, from first plans to final start-up, or merely for reactor 
components, contact AMF. You'll find AMF Atomics has both the experience and the 
fully proven technical ability to assist you in all phases of atomic energy involving 
research or power reactors and facilities, 


© Power and Research Reactors 
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NDA - 


AN ENGINEERING 
TEST REACTOR 
by 


NDA 


The engineering test reactor now in the 
design stage at NDA for construction and 
operation at Mol, Belgium, in 1959, will pro- 
vide experimenters with a new and higher 
degree of flexibility and freedom for the con- 
duct of complex experiments at high neutron 
flux. Ready access to experimental regions 
during reactor operations is provided. 








This test reactor, the first of its type, 
known at Mol as Belgian Reactor II, will be 
a major addition to the facilities of the 
Centre d'Etudes pour les Applications de 
l‘energie Nucleaire. 


NDA has been joined by senior C.E.A.N. 
personnel in detailed design, engineering. 
and development of this unit. Included in 
the NDA-C.E.A.N. team are experienced ex- 
perimenters familiar with the difficulties en- 
countered in conducting experiments in 
other types of research and test reactors. 

NDA will continue to assist C.E.A.N. 
through construction and test operation of 
this engineering test reactor in order to add 
U.S. experience to the abilities of C.E.A.N. 
and Belgian industry. 
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ROUNDUP 


Congress, Industry Reviewing Reactor Program 


Adequacy of our power reactor 
program oromptly again became the 
central ? of the third annual 
industry hearings before the Con- 
gressional Joint Committee on 
Atomic Energy. And any hope 
that the contentiousness that ruled 
relations between JCAE and AEC 
last year would be dispelled proved 
forlorn: within an hour of the open- 
ing of the hearings, Committee 
Democrats were trying to elicit 
from Commission witnesses evidence 
to support their position that private 
industry cannot be expected to de- 
velop competitive nuclear power 
without massive financial aid from 
the government. The Gore bill de- 
bate had broken out again. 

In an effort to streamline proceed- 
ings, AEC submitted its account of 
its stewardship this year in written 
form (293 pages) for the record, 
and contented itself orally with a 
55-minute summary by Chairman 
Strauss. However, just as in past 
“202 hearings” on the growth, de- 
velopment and state of the atomic 
energy industry, Committee mem- 
bers were at once probing for weak 
spots in Commission programs and 
poli 1¢s. 


What Worries Congress 


Costs. It has suddenly become 
that, far from yet be- 
ginning to approach competitive 
levels, nuclear power costs are 
headed in the opposite direction 
up (see story p. R5). Inflation and 
escalation have reared their ugly 
heads in the atomic business, and 
this buttressed the feeling of many 
Congressmen that private enterprise 
cannot be expected to rush in to 
lose money. Owing to the increase 
in capital costs at Shippingyort 
power from PWR’s first core will 
cost 75, not 52 mills, Sen. Anderson 
said, and will later come down to 30. 
Foreign markets. The U. S., 
ompetitive particularly 
came in for ex- 
tended discussion. Some found re- 
surance in the fact that U. S. 
hold six firm con- 
tracts for sale of power reactors out- 
side the country—-six more than any 
other country has; and that since 
filing of the Ishikawa report in Japan 
(see p. R4), the Japanese have ap- 
parently decided to send another, 
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position, 


vis-a-vis Britain, 


1ufacturers 


Mma 





reapuraising survey team to the 
U. S. and U. K. In spite of this, 
considerable feeling was expressed 
-by Senators Anderson, Pastore, 
Gore, Representatives Cole, Holi- 
field, Price, among others—that 
more could be done by the govern- 
ment to aid U. S. industry in com- 
peting on the world market. 
Atomics International’s general man- 
ager Chauncey Starr called for a 
positive program to support the de- 
velopment of the U. S. nuclear 
equipment industry in the export 
field. Nucteonics editor Jerome D. 
Luntz told JCAE, “We have failed 
to do an adequate job of selling our 
accomplishments, failed to excite 
the imagination of the peoples of 
the world . Now is the time 
for the U. S. to strike out in the 
international field with a plan that 
has boldness of purpose and im- 
plementations.” He offered a five- 
point program, including stepped- 
up work on technology of interest 


of Key Developments in Atomic Energy 
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abroad, such as natural U fuel; as- 
sure long-term continuity of supply 
of enriched fuel; build a large test 
reactor for exclusive use of foreign 
countries; bold support of Euratom 
and Japanese power programs, and 
bolder  declassification. Likewise, 
AEC Commissioner Vance said we 
“should be in « position to promise 
necessary fuel supplies [abroad] 
for a longer costed than 10 years. 
I think it should be at least 20 
years, better 25.” 

Classification. Whether the prob- 
lem of classified information has, as 
AEC contends, been ended by the 
new declassification guide, came in 
for review. No answer is likely 
until the review of papers in the 
light of the new guide has been 
carried out Nevertheless, study 
of the areas announced as being 
henceforth declassified reveals gaps: 
AEC still holds secret the price of 
depleted U, necessary for complete 


analysis of fuel cycle economics; 


New core design for Con Ed: higher power, higher price 


Babcock & Wilcox has designed a new core for Con Edison's 


Indian Point nuclear power station. 
163 of this from the reactor, 112 from the 
The seed-and-blanket concept has been 


from 236-Mw to 275 


oil-fired superheater. 


It will raise the power level 


abandoned, and there wil! be a large, and at first uniform, core 
of Zircaloy-2 tubes containing 97% thorium oxide and 3% uranium 


oxide at top enrichment. 
in, square. 


The tubes will be tied into bundles 6 
The oxide mixture may be forrned into sintered pellets, 


or fabricated by a promising alternative method now being ex- 


plored by B&W 


The new core was adopted because of radiation 


damage data on metallic Th and U-Zr alloy plates developed by 


B&W. 


It involves no change in time schedules. 


The project is 


in mdcourse, Con Edison’s Board Chairman Hudson Searing re 


ported, 


Initial shop fabrication has started on the reactor vessel 


and four primary coolant steam generators, and procurement has 
started on prituary coolant yanps and valves and other major 


ct mponents, 


Within six months cetailed design will be com- 









meted and procurement stated on control rod drives, primary 
coolant piping, pressuxizer, and containment structure. A spheri- 
cal containment shell, not earlier provided for, has been adopted; 
it will be half underground. Bailey Meter Co. has been chosen 
to supply all plant and nuclear instrumentation. A full-scale in- 
pile loop to irradiate fuel materials is nearly complete at MTR and 
is scheduled to start operating this month, as is a full-scale critical 
experiment at B&W’s Lynchburg plant. Cost of the plant is now 


estimated at $70- instead of $55-million, because of these design 
changes, increase in materials cost and in plant capacity. This 
will raise capital cost to $255/kw, power cost to 1.2¢/kwh. 





fuel reprocessing costs and how they 
are arrived at, etc. 


What Bothers Industry 

Indemnity. Nearest thing to un- 
animity at the hearings was the 
way industry called for action on 
the bills providing $500-million gov- 
ernment indemnity coverage for 
nuclear hazards—the measure that 
just failed of passage last year. 

Patents. is is insufficient 
protection in foreign countries for 
inventions by Americans, as con- 
trasted with foreign governments’ 
aggressive patent policies outside 
their borders. 

Classification. Many industry 
witnesses urged complete declassi- 
fication of all reactor technology ex 
cept such information on military 
reactors as is peculiar to their mili- 
tary application. Witnesses rang- 
ing from Prof. V. L. Parsegian of 
Rensselaer Polytechnic Institute to 
the National Association of Manu- 
facturers called for an end to the 
concept that information is “born 
classified.” 

Fuel reprocessing. Uncertainty 
about the availability of chemical 
reprocessing services, of knowledge 
about their circumstances and costs, 
were cited as obstacles by Willis 
Gale of Commonwealth Edison, 
Francis McCune of GE, William 
Webster of Yankee Atomic and 
others. 


Minority View 

Commissioner Thomas E. Murray, 
consistent dissenter in the Strauss 
led AEC, again presented minority 
views on the efficacy of our power 
reactor development policies. 
“There has been too much sales 
manship and not enough engineer- 
ing in nuclear power,” he charged 
“... it is premature today to be- 
lieve that the merit of 
power reactors can be evaluated 
realistically. As this understanding 
becomes more widespread it should 
lead private industry generally to 
welcome the assistance that a gov- 
ernment program of large reactor 
construction can give.” Murray 
urged such a program of large-re 
actor building on government sites, 
in addition to efforts under the third 
round of the Power Demonstration 
Reactor Program, holding that this 
would provide vital initial informa- 
tion for industry, help reduce costs, 
lessen the risk that private industry's 
plants would fail, and speed up 
technical progress. 

Commissioner Willard F. Libby 
replied that the specific large-re- 


economic 





actor types espoused by Murray are 
already covered by present or future 
AEC projects; that available tech- 
nical manpower is inadequate to 
carry out such a program, and that 
locating large experimental reactors 
where Boo oad stations are needed 
is poor economics. 


AEC Disclosures 

Much of the mass of written testi- 
mony by AEC describing its activ- 
ities had previously been reported 
in the 21st semiannual report (NU, 
Feb. ’57, Rl). Some new items: 

@ Bilaterals. Preliminary discus- 
sions have been held on research 
agreements with Ceylon, Haiti, 
Liberia, and South Africa; on power 
agreements with Argentina, Brazil, 
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Cuba, Germany, India, Iran, Israel, 
Italy, Japan, Pakistan, Philippines, 
South Africa, Spain, Sweden, Thai- 
land, Tunisia, Uruguay. Most of 
these countries are reviewing draft 
agreements. 

@ HRE-3. Although it had been 
hoped a slurry blanket could be 
tried in HRE-2 in place of a D:O 
blanket to be used initially, this does 
not now seem feasible. Plans are 
underway for a third experiment, 
HRE-3, utilizing a slurry of thorium 
oxide for the blanket. 

® LAMPRE-1 will work at 1,100° 
F’, is to start up next year. 

@ Isotopes. Libby reported in- 
dustrial isotope savings are now at 
about $400-million/yr, may hit 
$500-million by 1958 or 1959. 


15,000 Mw by 1967 is einai s Goal 


A nuclear power program so am- 
bitious it caused gasps of surprise 
even in big-thinking America was 
broached by Euratom as the six- 
nation European Atomic Energy 
Community came to life. 

The U. S. government “ge ad 
gave its official blessing to the plans 
to install 15-million kw of nuclear 
power in Western Europe by 1967 

3,000 Mw/yr for five years be- 
ginning 1963. Washington prom- 
ised to supply nuclear technicians to 
help get that it called “a bold and 
imaginative application of nuclear 
energy” underway, and to supply 
nuclear fuel in the future. 

The program and the U. S. pledge 
were announced simultaneously in 
Washington Feb. 8 as the “three 
wise men of Euratom”—Louis Ar- 
mand of France, Franz Etzel of 
Germany and Francesco Giordani of 
Italy—concluded talks there with 
U. S. officials. Just 12 days later in 
Paris the premiers of the six Eura- 
tom nations—France, West Germany, 
Italy, Belgium, Holland, Luxem- 
bourg—agreed on the basic provi- 
sions of a treaty whereby they will 
pool their nuclear resources under a 
European Atomic Energy Commis- 
sion. The treaty itself is to be 
signed in Rome this month. Deci- 
sions and commitments on such 
things as kinds, amounts and prices 
of fuel, procurement terms, etc., will 
follow ratification of the treaty, ex- 
pected by summer. Meanwhile, 
technicians of Euratom and the 
U. S. will be laying the groundwork 
for those decisions. 


Europe's Need 

If carried out, the Euratom pro- 
gram would make Western Europe 
the leading nuclear power center in 
the world within 10 years. The 15- 
million-kw-by-1967 goal compares 


with U. S. plans to build about 1.8- 
million kw by 1962, an expanded 
British program for about 6-million 
kw by 1965, and an announced 
Soviet goal of 2.5-million kw by 
1960. The Euratom goal is the 
equivalent of 163 Calder Hall re- 
actors, 250 Shippingport plants. 

However it is a grim, inescapable 
economic reality that decreed this 
goal: the six nations imported 6% of 
their fuel needs in 1938, 25% (100- 
millions tons/yr coal equivalent) in 
‘56; projected, this means 35% (200- 
million tons) in 1967, 45% (300- 
million tons) in 1975. And then 
there is Suez. 

Nuclear power offers a_possi- 
bility of F ato increasing de- 
pendence on imported fuel—and the 
3-million kw/yr figure actually 
the nuclear capacity required to 
meet increasing energy demand and 
stabilize net fuel imports at the level 
reached when the nuclear program 
begins to take effect: 1963. 

Moreover, Euratom can transform 
the face of European industry, by 
making it possible to build a con 
siderable nuclea: capacity quickly 
which the six nations individually 
cannot. And by leading to a prac- 
tical solidarity of interest among the 
six nations, it is a long step toward 
the dream of a United States of 
Europe 


U. S. 


This certainly assured the wel- 
coming U. S. attitude, for Washing- 
ton has long regarded European uni- 
fication as essential to the strength- 
ening of the Atlantic community. 
And with the Suez situation and the 
U. S.’ new responsibility for stab- 
ilizing the Middle 1 East, it is in our 
interest to help Europe develop 
alternative power resources. But 
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there are nuclear as well as political 
id intages. 

Large-scale European A-power 

elopment will provide a unique 
nd invaluable proving ground for 
S. nuclear industry. It has 
already become a truism in the field 
hat nuclear power will be competi- 
ive much sooner in Europe than in 

U. S. because present conven- 
| power costs are so much 
gher abroad. To U. S. industry, 
therefore, Euratom looms as a big 
demonstration program extended 
overseas; by participating in its 
plans, American manufacturers can 
gain experience, prove out proto- 
types, and develop their industrial 
base while awaiting the dawn of the 
nuclear power era at home. This 
could provide what some Europeans 
see as the missing ingredient in the 
U. S. reactor program: a sense of 
focus and of urgency. 

This is not to say that U. S. in- 
dustry can sit back and expect the 
lion’s share in building Euratom’s 
15-million kw capacity. True, in 
the first phases of the program, 
Euratom planners expect to obtain 
half their reactors in the U. S., half 
in Britain. But all six Euratom 
nations are highly industrialized, 
five of them with positions in the 
world market to defend, and it is 
no secret that they will take over a 
growing share of component and re- 
ctor building as rapidly as they 


Can. 


Euratom's Role 

Contrary to some misconceptions 
here, Euratom will not itself be 
building power reactors. Rather it 
has a “shepherd function”—to try to 
open eyes in the member nations, 
awaken people to think big. “If we 
do,” says one spokesman, “we might 
have 25-million instead of 5-million 
kw in the 1960’s—there’s that much 
difference.” The operations Eura- 
tom will undertake are those that 
lend themselves particularly to large- 
scale, cooperative handling, like fuel 
fabrication and chemical reprocess- 
ing. Euratom is empowered to 
build power stations, but plans to 
do so only in extremis, if the pro- 
gram falters. 

Euratom’s leaders attach ‘great 
importance to AEC’s offer of im- 
mediate technical help. This means 
the next six months—a time of wait- 
ing for the treaty to be ratified and 
personnel to be appointed and or- 
ganized—need not be lost: the tech- 
nicians can get started on predesign 
work on health and safety, inspec- 
tion, and waste disposal regulations; 
on specific technical problems like 
plutonium recycling; and on de- 
termining what accommodations in 
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the six countries’ laws must be 
made. Some feel the most impor- 
tant task thereafter will be to get a 
few representative full-scale stations 
built, and one idea already bruited 
is to have four plants—a pressurized 
water, a boiling water, a heavy- 
water-moderated and a Calder-type 
built on the same site 


Uranium Inventory 
The fuel required for so massive 
a program can be roughly calculated 


will depend on reactor types chosen. 
Euratom members produce about 
one-third this amount themselves. 
It is felt likely that Euratom may 
import about 12 tons of U. S. con- 
tained U™/yr, at a possible cost of 
some $200-million Oo imports of 
U. S. coal alone this year run about 
$800-million. Thus, although capi- 
tal cost of installing 15-million kw 
of nuclear power is estimated to cost 
$2-billion more than the same 


to be about 6,000 tons/yr of natural 
uranium; exact amounts of course 





amount of conventional — 
once installed, the initial fuel costs 
are only about one-fourth as much, 


Comptroller General hits AEC-Yankee contract 


The General Accounting Office has loosed a broadside at AEC’s 
first contract under the Power Demonstration Reactor Program 
that with Yankee Atomic Electric Co. Criticisms were: first, that 
the 12 utilities owning Yankee had not yet executed binding agree- 
ments with Yankee covering their proposed capital contributions 
to the company and their purchase of power from it; therefore, 
“Yankee has not demonstrated its financial competence” and AEC 
“executed the contract without adequate assurances that the Gov- 
ernment will receive benefits commensurate with its investment.” 
Second, that neither Yankee nor its 12 sponsors have given con- 
tractual assurance that Yankee will perform the work called for 
to which AEC replied that the amounts being invested are so 
substantial a decision to abandon would not be taken lightly, 
Third, that AEC does not have the right to audit all Yankee costs 
including those AEC does not bear—but should have, as the great- 
est return to AEC is expected to be economic as well as technical 
data on building and operating full-scale plants. 

Comptroller General Joseph Campbell, himself a former Atomic 
Energy Commissioner, laid down ground rules for future contracts 
between AEC and industry for demonstration reactors, and told 
the Joint Congressional Committee on Atomic Energy that AEC 
General Manager Fields had agreed to adopt them in pending 
and future contracts. These provide that AEC require binding 
agreements from sponsors of a contracting party covering their fi- 
nancial contributions to the project, guaranteeing that the work 
will be performed, and assuring AEC’s right to audit all transac- 
tions related to the contract. 


AEC offers reprocessing service 


Pending entry of private industry into the field, AEC has estab- 
lished chemical reprocessing services for operators of private re- 
actors. Individually negotiated contracts will establish firm 
charges, subject to escalation on the basis of an appropriate price 
index; possible range of prices was not disclosed. Contracts will 
be subject to cancellation by AEC on six months’ notice if similar 
services become commercially available at reasonable prices. The 
AEC service will include waste disposal. 


General Electric starts destroyer propulsion project 


GE’s Knolls Atomic Power Laboratory has started development 
work on a pressurized-water reactor plant for a destroyer-class 
ship. The project is designated DIG. GE is working on a pres- 
surized water system, the Submarine Advanced Reactor, for the 
twin-reactor sub Triton; and is phasing out work on the sodium- 
cooled Seawolf reactor. 
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Buy British, Japan Urged; 
5 Utilities Have A-Plans 


The Ishikawa mission, which 
visited the U. S. and Britain last 
summer, has recommended: “While 
taking future developments in the 
U. S., ete., into full consideration, 
it is advisable that the first step to 
be taken by our country should be 
to introduce a British-type power 
reactor, a large prototype of which 
has been completed and for which 
the technical and economic prob 
lems involved can easily be ex 

lained.” The report urges a size 
yetween 100 and 150-Mw, asks that 
the British Atomic Energy and Cen 
tral Electricity Authorities be asked 
to furnish detailed information on 
fuel factors, graphite efficiency, etc.; 
and that then experts be sent to 
Britain again to consult on uncertain 
details, financial arrangements, and 
fuel supply. 

Of the U. S., the report states 


“In the last analysis, it is considered 
that the U. S. is really in the lead 
of the world in the field of accumu- 
lated knowledge and experience in 
nuclear energy with respect to the 
scale, the amount of investment 
made, and the number of important 
staff personnel. As far as the gen- 
eration of electric power by nuclear 
energy is concerned, however, it is 
considered premature to introduce 
in the immediate future a large-size 
ower reactor for practical purposes 
from the U. S.J, although their 
future possibilities are considered 
great and the time will come for 
their future introduction into our 
country in view of the fact that 
power reactors now being developed 
in the U. S. using enriched uranium 
have an advantage [over other 
types] in permitting freer designing 
of power reactors . . .” 


Japanese Industry Active 

Five of Japan’s 10 electric utili- 
ties are Ps web plans to begin 
atomic power generation: 

¢ Chobu Electric Power Co. is ex- 
pected to complete plans by May 


for a 100-Mw natural uranium re- 
actor. 

* Tokyo E.P. Co. has already com- 
pleted a blueprint of a 10-Mw re- 
actor. 

* Kansai E.P. Co. is preparing to 
build a two-reactor, 10-Mw plant— 
with one heavy-water, one light- 
water unit. 

* Hokkaido E.P. Co. contemplates 
a 50-Mw pressurized water reactor. 

* Kyushu E.P. Co. has decided to 
order a 150-Mw reactor abroad this 
year. 

Also, Mitsubishi Electric Mfg. Co. 
is reported planning to build a pres- 
surized water reactor with technical 
aid and parts from Westinghouse. 

Koichi Uda, new chairman of the 
AEC and State Minister in charge 
of the Economic Planning Board, 
says 3,000-Mw of nuclear capacity 
should be installed in Japan by 1962. 


Nibbles on the International Market 


Activity reports from the interna- | power plants. This would be Hum- 


tional reactor market were frequent | 
last month. 

¢ Sir Thomas Playford, premier of 
the state of South Australia, is re- 
ported to have had talks with U. § 
diplomatic representatives concern 
ing possible U. S. aid in obtaining a 
power reactor. The government of 
South Australia wants to build a 
small power plant at Mt. Gambier, 
a trading center and rail junction 
between Melbourne and Adelaide in 
the southeasternmost corner of South 
Australia. The state governmeni is 
reportedly trying to get an Export 
Import Bank loan for purchase of a 
U. S. reactor. 

¢The London Evening Standard 
has reported that three Italian in 
dustrial groups have contacted the 
four main British nuclear syndicates 
seeking estimates on a 100-Mw nat- 
ural uranium power plant for Italy. 
Replies are } this month. It’s 
believed the cost of such a central 
station will amount to about $42 
million, of which $28-million would 
be spent in Britain, $5-million in 
Italy on accessories and buildings. 

¢ India’s Trombay Atomic Energy 
Establishment is reported to have 
contacted “a British firm” that re 
cently announced it was ready to 
sell 10—-20-Mw pressurized water 


R4 


Here are some: 


phreys & Glasgow Ltd., as licensees 
of Alco Products Inc. (NU, Feb. 
57, R4). Meanwhile, Madras and 
Ahmedabad are vying to get the first 
large Indian power reactor, an- 
nounced by Homi Bhabha (NU, 
Feb. 56, 15; May, 142; Feb. °57, 
R11). 

¢Top Finnish nuclear scientists 
have met to discuss purchase of a 
research reactor, and the Institute 
of Technology has submitted firm 
proposals to the Ministry of Trade 
and Industry for a 1-Mw unit of 
undetermined type and make. 
$43,000 is asked for training and 
study on installing and operating it, 
and $345,000 as a down payment. 
A member of the technical physics 
department of the Institute has gone 
to the U. S. to look at American reac- 
tors. The Institute has asked and 
received many offers from U. S. and 
British firms; most promising—in 
delivery time and price—is reported 
to be that of Babcock & Wilcox of 
New York. Also, Erkki Aalto, new 
director-general of the Finnish State 
Railways (and chairman also of 
Atomic Power Inc., founded last 
year) has announced he sees a use 
for nuclear power in connection 
with large-scale rail electrification 


plans just starting to be carried out. 


Organic hole in ground 


Reactor tank for Organic Moderated 
Reactor Experiment is lowered into cav- 
ity liner sunk into earth at Idaho test- 
ing station (sketch NU, Aug. ‘56, 42). 
Tank is 28 ft high, 56 in. dia. OMRE, 
being built by Atomics International 
(NAA) for AEC, will produce 16-Mw 
heat, to be dumped. OMRE is now 
near completion; only control rods, in- 
strumentation, part of organic fluid heat 
transfer piping remain to be installed 
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Union Carbide Building 
Big N. Y. Research Center 


A nuclear research center will be 
built in Sterling Forest near Tuxedo 
Park, N. Y., 40 mi NW of New 
York City, by Union Carbide & 
Carbon Corp. 

It will feature a 5-Mw pool re- 
search reactor to be built by AMF 
Atomics. Other major facilities will 
include a radioactive materials lab, 
an ores and engineering lab, and a 
buildi.g for allied research opera- 
tions and administration. Research 
programs will be geared to the 
study of radiation effects on prod- 
ucts and processes involving plastics, 
gases, metals, carbons and chemi- 
cals. Completion of the center is 
set for late 1958 or early 1959, the 
first of several research centers plan- 
ned for the Sterling Forest area. 


How Nuclear Power Plant 
Costs Have Been Rising 

Members of the Congressional 
Joint Committee on Atomic Energy 
brought out during the industry 
hearings that original capital cost 
estimates on nuclear power station 
projects underway have been rising 
fast Here are some figures: 

PWR, my iy ner up from 
$37.5-million to $55-million. 

Con Edison, Indian Point, N. Y. 

up from $55-million to $70- 
million 

Consumers Public Power District, 
Hallam, Neb.—up from $24.3- 
million to $40- or $50-million. 

Wolverine Electric Corp., Hersey, 
Mich.—construction cost estimates 
up 95% 

Rural Cooperative Power Assn., 
Elk River, Minn.—reactor and 
superheater cost alone up $2-million 
from $3.7-million original maximum 
estimate (total plant cost up $2- 





nuclear energy. “After a thorough 
search for a successor to Dr. Zinn, 
we came finally to the conclusion 
that Dr. Hilberry is the man best 
qualified,” said Chancellor Lawrence 
A. Kimpton of Chicago U. which 
operates Argonne for AE( 


Five Firms Bid to Build 
Liberty Ship Gas Turbine 


Five of 16 firms asked have an- 
swered Maritime Administration's 
invitation to bid on building a 
closed-cycle gas turbine sien 
plant for a Liberty ship (NU, Dec. 
56, Rl). Bidders were Curtiss 
Wright, General Dynamics’ Electric 
Boat division, Nordberg Mfg. Co., 
John Roper Associates of Baltimore, 
and Westinghouse. The plant, to 
be “reliable and satisfactory” at 20,- 
000 shp, will be used aboard a 
Liberty with an oil-fired heat source, 
but is “also required to be suitable 
for future use with a nuclear heat 
source.” 


First IAEA Conference 
Set for Vienna This Fall 


Vienna will be the scenc of the 
first General Conference of the In 
ternational Atomic Energy Agency, 
the IAEA Preparatory Commission 
has decided. The date is not set, 
depending on the time a sufficient 
number of countries ratify the 
Agency statute adopted in October 
(NU, Oct. ’56, R2; Nov., R3); but 
it’s hoped to have it this fall, per 
haps in September. Eighty of the 
81 nations who participated in the 
statute-drafting conference in New 
York have signed the document and 
are eligible to become initial mem- 
bers of IAEA; for the statute to 
come into force, 18 must ratify, in 
cluding at least three of the “atomic 
Big 5° (Canada, France, USSR, 
U. K., U. S.). However as the 
Board of Governors will have 23 
members, a larger number of rati- 
fications is obviously needed to 
make the statute work. In a sur- 
prise move, Russia last month be- 
came the first nation to ratify. 

The 18-nation Preparatory Com- 
mission under Carlos Bernardes of 
Brazil has been meeting in New 
York, is working on a draft treaty 
defining the relationship between 
IAEA and the U. N., the Agency’s 
first-year budget, and on naming the 
members of the first Board of Gov 
ernors—which it must uo 60 days 
before the first General Conference 
meets. It has set up a six member 
headquarters committee to confer 
with the Austrian government (Vi 
enna was recommended by the con 
ference last fall, but this must be 
confirmed by the General Confer 
ence ) A committee of 18 senior 
technical experts representing each 
of the member nations of the Pre- 


paratory Commission were to meet 
in New York early this month to 
begin substantive work 


BNL Starts Reloading; 
Schedules Lengthened 


Refueling of Brookhaven’s air- 
cooled reactor (NU, Aug. °56, 51) 
has been started; 35 central chan 
nels—-5% of full loading contain the 
new enriched elements, as a test to 


AFTER SOME fifteen months’ illness of 
Co., cancer, death came to Atomic Energy 
Commissioner John von Neumann, 53, in 
Walter Reed Army Hospital ir Washing- 
ton. Recognized as one of the world's 
greatest mathematicians, he was best 
known as “the brain behind the elec- 
tronic brain,’ the world's leader in 
developing and building today's high- 
speed computing machines; and as 
principal architect of the new branch 
of mathematics that affords a mathe- 
matical approach to economic behavior, 
social organization and _ military yield operations data needed for the 
strategy. Perhaps less widely known full conversion. The maximum 
is his work as one of the architects of thermal flux is now greater than 10” 
the atomic age: by his fundamental but only over a small volume of the 
contributions to quantum mechanics, on moderator. The higher flux will 
which all calculations of the behavior require one days cooling of frre 
of matter are based, he helped lay the i 1 ites bef ; 6 ao : 
foundations for knowledge on how Giated items etore removal; con 
atomic energy can be employed. His sequently, a new shutdown sched 
colleagues on AEC mourned his death ule goes into effect March 15, on a 
as “an irreplaceable loss to the Com 14 instead of 10-day basis, with 
mission, to science and to the nation.” down time every other weekend. 
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million from $6.39-million). 
Yankee Atomic Electric 
‘owe, Mass.—up from $35-million 
by “a substantial margin” not dis- 
closed, but estimated by NucLeonics 
at about $6.3 million. 
Commonwealth Edison, Dresden 
Station near Chicago—“GE entered 
into a contract at $45-million,” said 
Sen. Anderson; “I imagine they are 
sweating a little bit at the present 


time.” 


Hilberry Confirmed 
As Argonne Director 





Norman Hilberry, deputy director 
of Argonne since its founding in 
1946 and acting director since the 
resignation of Walter H. Zinn last 
June, has been named director. He 
has had 15 years of administrative 
experience in the development of 





Boron-10 Production Up, 
Available to Civilians 


Kilogram amounts of boron-10 
are now available to civilian pul 
chasers, AEC has announced, declas 
sifying its $4-million B” plant at 
Mode City, N. Y., 12 mi from 
Niagara Falls. Ope rated by Hooker 
Electrochemical Co 
now turning out 20 Ib/wk. It is 
capable of producing enriched boron 
at assays from 30% to 95% B”; prices 
range from $0.85 to $5.30/gm, de- 
pending on enrichment, for the 
dimethy] ether boron trifluoride com- 
plex; aden $1.25 to $5.65/gm for 
potassium fluoborate, and from $3.10 
to $8.60/gm for boron metal, plus 
handling and transportation. 

Having the property of readil 
absorbing neutrons without itself 
becoming radioactive, B” is in de- 
mand for shielding, control rods, and 
radiation measurement instruments. 
However boron exists in nature as a 
mixture of two isotopes: only 19.8% 
is B’, the rest is B" which is not 
neutron-absorbent. Thus the same 
separation problem arises as with 
uranium, 

Only full-scale plant producing 
B’” in North America, the Model 
City works started operation in June 
1954 in a converted boiler house of 
the Lake Ontario Ordnance Works’ 
TNT plant. However until now 
only gram quantities of B” have 
been available for civilian purposes. 

The separation process used at 
Model City is as follows: first gas 
eous boron trifluoride is mixed with 
dimethyl ether, purified and pumped 
through a series of six monel distil- 
lation, or fractionating, columns 
five 65 ft high, the last 25 ft—con- 
nected in series to give the same 
effect as a single column 350 ft 
high. Continuous recycling abetted 
by heat, cooling and vacuum tends 
to concentrate the B”-containing 
liquid at the bottom of the sixth 
po corel the B" in the first. After 
the enrichment has been carried out, 
,0tassium fluoborate is precipitated 
ace the liquid complex. Finally 
the salt is ed to five electrolytic 
cells where boron metal is encrusted 
on the cathode. After scraping, dry- 
ing, grinding, leaching and screen 
ing, the B” is shipped in polyethyl 
ene bags inside gallon tin cans. 

Use of B” has to date been largely 
limited to alloying with steel to 
make boron steel, or compounded 
with carbon to make boron carbide, 
or mixed with other materials, for 
use in control rods. 


the plant is 





First Photo of Atomic Turbojet Site 


Tight secrecy on nuclear plane project has relaxed enough to clear this view of 
initial test area where in January 1956 a turbojet engine was for first time powered 


exclusively by reactor heat (NU, Aug. ‘56, R1). 
station, where General Electric operates 


Site is at Idaho reactor testing 
aircraft nuclear propulsion facilities. 


Construction of additional new facilities has again been announced by AEC. 


Nevertheless. . . . 


. . « Atomic Plane Project ‘Stretched Out’ Again 


Clifford C. Furnas, Assistant Sec- 
retary of Defense for research and 
development, officially confirmed 
what had long been unofficially 
affirmed: that the nuclear airplane 
program had once again been 
“stretched out”—“for technical rea- 


sons.” Furnas said “we originally 
were a little optimistic” on the pro- 
gram, and implied that engine 
weight and shielding were the main 
“technical reasons” for again putting 
off the target date. A_ practical 
A-plane is “several years off,” he said. 


Nuclear Navy News: Busy Month for Growing A-Fleet 


¢ First cruiser. The first nuclear- 
Sam mem cruiser, world’s first atomic 
surface ship, will be named U. S. S. 
Long Beach for the California port, 
the Navy announced. She will be 
armed with Regulus II, Talos and 
Terrier guided missiles. Her cost is 
now put at $300-million, $100-mil- 
lion less than first estimates; this is 
because of better know-how in nu- 
clear ship construction and closer 
evaluation of all figures, accordin 

to Navy Bureau of Ships’ Chief 
R. Adm. Albert G. Mumma. The 
cost will continue to come down, he 
adds, as more nuclear knowledge is 
acquired. The keel for Long Beach 
has not yet been laid, Bethlehem 
Steel’s Fore River shipyard says. 

¢ Carrier program. ‘The first carrier 
will have 32 heat exchangers, four 
for each of its eight reactors. It is 
scheduled to join the fleet in 1961. 
Last month the Navy asked Con- 
gress for five more to follow it, one 
a year, for a total of six 80,000-ton 
nuclear carriers in service by 1966. 
* Nautilus, submerged, passed the 
60,000-mile, or 20,000-league, mark 
Feb. 4 off the Continental Ledge in 
the Atlantic, fulfilling Jules Verne’s 
1870 fantasy about an undersea 
craft of nearly limitless range (NU, 
Feb. '57, R5). She has now logged 
60,120 nautical miles [69,138 statute 





miles], 34,500 of them submerged; 
made 859 dives; cruised 5,400 hr 
or 225 days; saved consumption of 
720,000 gallons of oil—90 railway 
tank cars—by burning 2.8 lb U™ 
instead. And the Nautilus’ medical 
officer, Dr. John H. Bersole, re- 
a that his 106 shipmates have 
een exposed to less radiation than 
most people at home—because the 
ocean acts as a shield to protect 
them from background cosmic ray 
radiation. 

* Seawolf spent two weeks in dry- 
dock for “routine minor repairs,” 
after having logged about 100 hr 
at sea. Chief of Naval Operations 
Adm. Arleigh A. Burke told Con- 
gress, “The ship is now operational 
but is being limited to 80% of its 
designed horsepower rating. This 
reduces its speed to about 90% of its 
design maximum. We will conduct 
further operational testing before 
making a decision in regard to this 
power plant.” Later the Navy ad- 
mitted that corrosion leaks were 
more extensive than previously dis- 
closed, affecting steam generator as 
well as the superheater; and that “it 
is possible” her sodium-cooled re- 
actor “may be abandoned” and re- 
placed by a pressurized water type. 
* Submarine program. For the 1958 
shipbuilding program, the Navy is 
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asking Congress—in addition to the 
first nuclear carrier—for four nu- 
clear subs, one attack-type and three 
guided - missile - launching. This 
would bring the total to 19. Mean- 
while awards of four of the six nu- 
clear subs authorized for the °57 
building program were made, and 
two shipbuilders got their first nu- 
clear ship construction contracts. 
Ingalls Shipbuilding of Pascagoula, 
Miss., will build SSN-590 and -592 
for $41-million; Newport News Ship- 
building and Dry Dock Co. will 
build SSN-591 for $24-million. 
Electric Boat division of General 
Dynamics got its sixth A-sub job, 
SSN-589, to cost $25.8-million. 

General Electric will build main 
turbines for five Westinghouse- 
powered Skipjack-type subs, SSN 
588-592. Westinghouse will also 
build the carrier's main propulsion 
plant—turbines, condensers, etc.— 
for $8.1-million. 


AEC Licensing News 


Construction permits granted: 
Aerojet-General Nucleonics, for 
three AGN-20] low-power research 
reactors (serial 101, 102, 103), 


>/99 /57 


ae di 

Licenses granted: Aerojet-General 
Nucleonics, to operate AGN-201 
(serial 101), 2/23/57; to transport 
and operate it at Nuclear Congress, 
Philadelphia, March 11-15, 2/26/57 

Export license issued: AMF 
Atomics, to export a 1-Mw pool to 
Munich, West Germany, 2/26/57 

Notice of proposed issuance of 
construction permit in 15 days: 
North Carolina State College, to 
modify solution-type research re- 
actor for operation at 500 watts, 
9/18/57 

Lockheed Aviation, for critical 
facility at Palo Alto, Calif., 2/26/57 

Application received: Loretz & 

Los Angeles, to export a 500- 

itt Atomics International solution- 
tvpe research reactor to Danish 
AEC, ¢ ophenhagen, 1/17/57 

Atomics International, to construct 
and operate 5-watt solution-type 
laboratory reactor at its Vanowen 
facility, Canoga Park, Calif., 1/24/57 

Foster Wheeler Corp, to export 
5-Mw tank-type research reactor to 
Danish AEC, Copenhagen, 1/25/57 

Babcock & Wilcox, to construct 
nd operate an addition to its exist- 
ing critical facility at Lynchburg, 
Va., 2/1/57 

Aerojet-General Nucleonics, for 
12 AGN-201_ research reactors 
(serial 109 through 120), 2/12/57 

Union Carbide Nuclear Co., for 5- 
Mw AMF Atomics pool at Sterling 
Forest, Orange County, N. Y., 
,) 15 a7 


/ 
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_ About the Industry 


Unfilled orders for atomic equipment are up 213%, according to West- 


inghouse president Gwilym Price. The figure is for over-all atomic 
backlog, including Bettis as well as CAPA and Cheswick operations, 
on Nov. 30, 1956, as against Dec. 31, 1954. The firm is not making 
any money at present on its atomic power activities, he said, but “is 
playing for a position of leadership in the field when atomic power 
begins to pay off. . . . Westinghouse has built, or is building, more 
nuclear reactors designed specifically to produce power than all 
other companies in the U. S. combined-—and to our knowledge, in 
the world.” 


Westinghouse also announced start of work on a new one-story addi- 


tion to the main building of CAPA (commercial atomic power 
activities ) in the Forest Hills suburb of Pittsburgh. The new wing, 
to be completed in six months, will include 12,000 ft? of laboratory 
space for nuclear power development work, including studies for 
the big homogeneous Pennsylvania Advanced Reactor. 


Clevite Corp. announces establishment of a nuclear materials group 


at its Cleveland research center. The firm disclosed it had already 
been doing nuclear materials research under contract for companies 
in the atomic field. Clevite’s engine bearing business led it to do 
advanced work on high-temperature, highly corrosion-resistant ma- 
terials, which in turn led to its work with uranium, zirconium, 
hafnium and niobium. Nuclear activities at Clevite have centered 
on developing efficient production techniques for reactor com- 
ponents, principally fuel elements and control rods. Equipment 
for the new center will include vacuum-are and vacuum-induction 
melting furnaces; equipment for annealing, forging, precision-rolling 
and -machining and vacuum welding; and mechanical and chemical 
testing labs. The new program will be directed by Arthur D. 
Schwope, Clevite’s materials division manager, who has long ex- 
perience in metallurgical work done for AEC. 


Reactive Metals, Inc., a new company, has been formed by Mallory- 


Sharon Titanium Corp. and National Distillers Products Corp., to 
melt zirconium and Zr alloys, and to make Zr mill products. A 
plant will be built at Ashtabula, Ohio, where Distillers’ U.S.1. 
Chemicals division is building a Zr sponge plant (NU, May '56, 21). 
Ownership of the new firm will be equally divided, but operation 
will be independent of the present activities of the two companies 
in the reactive metals field. Production later of other nuclear 
metals—-Hf, Nb, Th--is contemplated. Distillers regards the new 
subsidiary as a complement to its sponge plant: pointing out that 
there are many steps between manufacture of sponge and fabrica- 
tion of finished parts, and that capacity for all these steps must grow 
at the same rate to keep the sponge plant operating at full capacity 
when it comes on stream, Distillers explains the Reactive Metals 
plant will concentrate on making ingots and those mill products 
that cannot be supplied by others rapidly enough to meet the an- 
ticipated needs of industry. : 


The new international combine of AMF Atomics and Mitchell Engi- 
neering of London has sold Germany’s first private power reactor, a 
15-Mw, $8-10-million pwr for RWE of Essen (NU, Oct. ’56, R10). 
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LMFRE Design Shaping Up; 
To Go Critical in 1959 


Babcock & Wilcox expects its 
Liquid Metal Fuel Reactor Experi- 
ment to go critical in 1959, its 
LMFRE technical manager reported 
to a local American Nuclear So 
ciety chapter meeting. Robert T 
Schomer gave this date even though 
the project is still in pre-design 
stage. A reference design is now 
being developed for submittal to 
AEC in May, then detailed design 
will start. Present concept is of a 
reactor developing 20 Mw _ heat; 
steam will be made, but there are 
no plans for a turbine—unless a 
utility wishes to volunteer. Main 
problems: to find a containment ma- 
terial for uranium bismuthide; to 
prove out the use of unclad graph- 
ite, in contact with U-Bi, as moder 
ator at high temperature; to develop 
necessary remote maintenance tech 
niques. The unclad graphite mod 
erator assembly will also serve as 
core tank; it will be sealed with 
graphite and the cemented 
Sad baled until impervious to U-Bi 
Double containment will 
sary. Temperature drop across the 
reactor will be 135° F (750° in, 
885° out). Later, economics can 
be improved by taking outlet tem- 
perature up to 975° F for a 225° F 
temperature drop. Fuel will be 
about 90% enrichment; 80 kg U™ in 
the entire system, less than 10 kg of 
it in the core. There will be no 
valves in the primary; gas pressure 
will be used to hold up flow, at 100 
psi. A secondary circuit will use 
either Na or NaK, or fused salt 
Steam will be at 800° F, 600 psi 

Brookhaven is doing preliminary 
work on using plutonium in an LM 
FRE system, Clark Williams reported. 


seams 


be neces 


Geneva Reactor’s Permanent 


After some delays, the U. S.- 
built Geneva exhibit 
swimming-pool home is nearly ready 
(NU, July ’56, R11). The building 
housing it was completed in August; 
the pool is of course a much larger 
one, divisible into two independent 
compartments. With the 
suspended on an overhead traveling 
crane, it will be possible to prepare 
one shielding experiment in one half 
while still working on the preceding 
one in the other. Six ome, 
irradiation channels will supply neu 
tron beams for physics research 
Calculations have shown that the 


reactor’s new 


reactor 


EBWR: Good Prognosis for Boiling Reactor Economics 


In the hot, Klieg-lighted atmos- 
phere of a movie set, Joint Commit- 
tee chairman Rep. Carl T. Durham 

after half-a-dozen dry runs for 
press photographers—turned a han- 
dle-switch on a control panel of the 
Experimental Boiling Water Reactor 
at Argonne National Laboratory out- 
side Chicago. It was 3:01 p-m., 
February 9, 1957. AEC chairman 
Lewis L. Strauss, standing at his 
side, pronounced EBWR to be on 
the line. 

In that sense, the ceremony was 
symbolic, for EBWR had been on 
the line before since it first reached 
full power (20 Mw heat, 5 Mw elec- 
tric) on Dec. 29, 1956—two days 
ahead of schedule. Actually the 
occasion marked only the beginning 
of the first extended full-power test 
run. What was significant was that 
EBWR, first of AEC’s ten-approach 
development program completed, 
was the first reactor in the free 
world designed exclusively for power 
generation to enter service—and that 
EBWR, at the start of its life, is 
already a patriarch. For the reac- 
tor “family” of which it is the first 
had just grown to six commercial 
projects with the announcement of 
the Northern States Power group's 
entry (see p. RQ); earlier boiling- 
reactor programs include Pacific Gas 
& Electric, Commonwealth Edison, 
Elk River, and two for American & 
Foreign Power, 

At a festive press briefing the 
be a evening, EBWR’s proud 
yuilders talked plans and prices. 
The reactor is now operating well 
on natural circulation of the coolant 
water; but more power could be 
extracted with forced circulation. 
So sometime this summer pumps will 
be installed in the 4 thimbles pro- 
vided for the purpose in the vessel 
bottom, raising circulation from 
7,000 to 10,000 gpm. Then, if the 


Installation Nears Completion 


thermal power may be taken above 
l-Mw if forced cooling is provided. 
Pumps and heat exchangers are 
being installed, with cooling water 
to be taken from and returned to 
the River Aare, on the bank of 
which the Wiirenlingen research 
center is located. Availability of 
the beefed-up U. S. unit to Switzer- 
land will make it possible to carry 
out research work two years earlier 
than originally foreseen when only 
the all-Swiss “P-34” heavy water re- 
search reactor was planned (NU, 
June 56, 19B) 

P-34’s buildings, started last May, 





minimal leakage—amounting to a 
mere 2 |lb/day—can be overcome. 
EBWR will get a coreful of heavy 
water next year, for even better per- 
formance. Radioactive steam has 
proved less of a problem than feared 

the activity level is 5,000x less 
in the steam leaving the reactor than 
in the water in the core. 

Excluding research and develop- 
ment costs and assuming 10-year 
core life to reach 1% burnup, cost of 
EBWR power is estimated at 30-35 
mills/kwh. But even with natural 
circulation and light water, its build- 
ers believe it could operate at 40 
Mw heat and 10 Mw electricity, 
twice the rated power level (only 
theoretically, for the generator’s top 
capacity is 5 Mw)—and then cost 
comes to 20 mills/kwh as compared 
with 12-15 in an equivalent-sized 
conventional plant. Cost can be 
whittled further using forced circu- 
lation. 

Capital cost of EBWR, “as she 
stands” and excluding research and 
development outlays, is $4-million, 
plus $1-million worth of fuel (fabri- 
cation and zircaloy cladding makes 
up a considerable part of the latter 
figure). To build a duplicate but 
with a 10-Mw generator would cost 
$4.5-million, plus core. EBWR’s 
first core, at 1.4% enrichment, con- 
tains 132 lb U“—about the size of 
a gallon can. Argonne is already 
working on fuel elements that would 
cost pa 5 10% as much: Borax-4 has 
a ceramic core of thoria-urania clad 
in aluminum alloy; it produces 2 
Mw electricity, and cost $75,000. 
If it works well in Borax, Argonne 
would feel justified in reloading 
EBWR. 

AEC officials present declared the 
economic projections for this plant 
are as favorable, taking account of 
size, as for any reactor in the world 
today, or more so. 


are not yet completed. They in- 
clude the reactor building with ac- 
cess tunnels for fuel handling; a 
boiler building, a general research 
lab, an isotope research lab, and 
in irradiated fuel processing lab. 

Problems still awaiting solutions— 
expected to take two years—are: 
electric regulation and control sys- 
tems; charging and discharging sys- 
tem for fuel elements in the core; 
various details of heavy water cir- 
culation. 

P-34 will permit irradiation test- 
ing under varying pressures and 
temperatures. 
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Reactor News 


NORTHERN STATES GROUP TO BUY... 


A group of ten utilities in the North-Central states 
headed by Northern States Power Co. of Minneapolis 
have banded together to get a 60-Mw Allis-Chalmers 
boiling reactor for $20-$25-million, to be completed by 
1962. It will be located on a site yet to be chosen on 
the system of Northern States Power, which will own 
ind operate the plant; interconnections between com 
panies will permit power produced in the reactor to be 
distributed to the systems of the participating com 
panies. Allis-Chalmers is prime contractor; Pioneer 
Service & Engineering Co., Milwaukee, will be architect 
engineer. The utilities have formed a nonprofit corpora 
tion to finance jointly the research and development work 
required on the project. They are: Northern States 
Power; Mississippi Valley Public Service Co., Winona, 
and Otter Tail Power Co., Fergus Falls, Minn.; Iowa 
Power & Light Co., Des Moines, Iowa Southern Utilities 
Co., Centerville, and Interstate Power Co., Dubuque, 
lowa; Wisconsin Public Service Corp., Milwaukee; 
Northwestern Public Service Co., Huron, S. D.; St 
Joseph Light & Power Co., St. Joseph, Mo.; and Central 
Electric & Gas Co., Lincoln, Neb. Other utilities may 
decide to join later. 


. NEW ALLIS-CHALMERS BOILING REACTOR 


[he reactor chosen by the Northern States Power group 
is described as an advanced type of boiling water re 
actor, a logical progression in development of this family 
of reactors, and one whose design may make a significant 
contribution toward economic nuclear >. Allis 


Chalmers—which has been working on this design for 
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some time while building all the power generation equip 
ment for EBWR—calls it a controlled recirculation boil 
ing reactor. It features high energy output per unit of 
olume, achieved by recirculating a large volume of 
water continuously through the reactor (the 5x 5 ft 
cylindrical core will generate as much heat, 133 Mw, as 
1 boiler burning 20 tons/hr of coal). Reactor power 
will be adjusted by controlling the rate of water recircu 
lation through the core, by means of large pumps at the 
bottom of the reactor. The water will carry along the 
team produc ed in the reactor vessel, and steam bub 
bles will be separated by centrifugal devices; steam ex 
hausted from the turbine is condensed and recirculated 
If greater steam output from the reactor is desired, the 
speed of the recir« ulation pumps will be increased by 
automatic control, forcing out additional steam and rais 
ing the power level. When power demand drops, the 
pumps slow down, reducing the quantity of steam re 
moved from the core and slowing down the reaction 
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rate. The reactor will operate at 600 psia, delivering 
saturated steam at 486° F; a bank of conventionally 

tired superheaters will raise steam temperature to 1,000 

F at 540 psia at the turbine throttle. Steam flow will be 
502,000 lb/hr. The reactor vessel will be 9 ft dia x 23 
ft high, housed in a steel-and-concrete building 45 ft 
dia x 70 ft. The 100-Mw turbine-generator set, which 
Allis-Chalmers will also build, will be similar to that of 
EBWR, sealing in the slightly radioactive steam flowing 
through the turbine by special seals on the shaft. It 
will be housed in a conventional building 


BOILING WATER REACTOR FOR CUBA 


A General Electric single-cycle 10.5-Mw boiling water 
reactor will be in operation in Cuba in 1959, American 
& Foreign Power disclosed at the first Cuban forum on 
civilian atomic energy. (A&FP had previously an 
nounced purchase of two GE boiling reactors and one 
Atomics International organic-moderated unit, and had 
said they would probably be installed in Cuba, Brazil 
and Mexico, but had not matched reactor types with 
countries. The remaining matching has not yet been 
decided.) The Cuban reactor will produce 600 psi, 
190° F steam at the throttle. Fuel elements will be 
guaranteed to operate 15 months at 80% load factor. 


TURNER TO ERECT IRL REACTOR FOR AMF 

AMF Atomics has chosen Turner Construction Co. as 
builder of the Industrial Reactor Laboratories nuclear 
research facility at Plainsboro, N. J. (NU, Oct. '56, 
R5). The work will include a one-story reinforced 
concrete administrative and experimental lab building 
168 x 188 ft; a dome-shaped reinforced concrete reactor 
building 90 ft dia x 85 ft high; a connecting tunnel with 
radiation-monitoring checks for personnel; a utility build- 
ing; cooling towers, and other general site work. A 
construction permit has been issued AMF Atomics for 
the 5-Mw pool it will supply; work is to start shortly, 
and the entire job is to be completed by July 1, 1958. 
Skidmore, Owings & Merrill are the architects, Severud 
Elstad-Krueger the structural engineers, Guy B. Panero 
the mechanical engineers 


SHORT LEAD TIME FOR BERLIN REACTOR 


The 50-kw uranyl sulfate solution water boiler Atomics 
International (NAA) is building for the Institute of Nu 
clear Research of West Berlin (NU, Aug.'’56, R11; Oct., 
R10; Nov., R1) is to be delivered within nine months, 
according to advices from Nucieonics’ bureau in Ger 
many. AI has started work on similar units for Frank 
furt U. and the Danish AEC 


ARGONAUT ENTERS SERVICE 

Argonne’s Argonaut training reactor (see p. 62) went 
critical for the first time Feb. 9. It has been operating 
satisfactorily, and was to be turned over to the Interna 
tional School of Nuclear Science and Engineering at 
Argonne early this month 


NORTH CAROLINA REACTOR TO BE REBUIL1 


North Carolina State’s pioneer reactor, first started up in 
Sept. 1953 but shut down since June 1955 owing to core 
a has gotten AEC approval to operate at 500 watts 
original power 10,000 watts) with a new core tank 
This is an interim arrangement to permit immediate 
operation for instruction purposes; the college intends to 
rebuild the reactor to make possible operation at 10 kw 
igain, or more. Precautions are being incorporated in 
the new core to prevent chloride-ion corrosion, believed 
to be the source of the trouble 


RO 





R © U flee 


World News 


Second Harwell for Winfrith Heath 





Local objections to establishment of an atomic energy 
research station at Winfrith Heath—between Dorchester 
and Wareham and 5 mi from the Dorset coast-—-have 
been overruled by Minister of Housing and Local Gov 
ernment Henry Brooke after a 4-day public inquiry. 
AEA had eh for approval to use a 688-acre site as 
a reactor development center, being short of room at 
Harwell (NU, April '56, 23; Dec., R11). Local land 
owners and nature-preservers had objected to the pro 
ject, contending it would mar the remote, beautiful and 
unspoiled countryside; AEA urged that use of the site 
was essential in the national interest. The green light 
given AEA requires it to obtain approval of local plan- 
ning authorities on all detailed plans, designs and struc 
tures, and to provide screens of trees 


Norway Plans Reactor Exports 





Production of reactors and other equipment for in 
dustrial atomic energy plants is being planed in Nor 
way: 43 leading industry, banking and shipping firms 
have been invited to participate in setting up 4 company, 
Noratom, to market Norwegian technical and industrial 
know-how in nuclear power development. Subscription 
to shares in the sales pool would be open to the public; 
share capital would be between $280,000 and $700,000. 
At the outset Noratom would concentrate on high- 
quality parts and plans for reactors, later would offer 
to construct and operate reactors The coi en 
Institute for Atomic Energy (NIFA), the country’s chief 
center for nuclear research and reactor development and, 
together with its Dutch agg en the operator of the 
Joint Establishment for Nuclear Energy Research 
(JENER), has agreed to carry out consultation assign- 
ments for Noratom. Norway has already received in- 
quiries from abroad for atomic equipment, and it is be- 
lieved there is a market for improved versions of the 
first JENER reactor, operating since 1951 at Kjeller 
near Oslo, and of the second, a process steam reactor 
JENER is now building at Halden south of Oslo. 
British Nuclear Ship: a Yes, a No 





It was made clear for the first time in the House of 
Commons that the Admiralty is working on nuclear 
propulsion for surface ships as well as for submarines 
Thomas Galbraith, Civil Lord of the Admiralty, said 
encouraging progress had been made on feasibility 
studies of nuclear power for surface ships; detailed work 
on a prototype nu lear power installation on shore was 
“well advanced,” and a similar plant was “comer for 
trials in a submarine. Some orders for machinery have 
been placed Vice Admiral Sir Frank Mason, Engineer 
in-chief of the Fleet, said the advent of nuclear power 
to warships “is almost wholly an engineering alien F 
On the other hand, British shipbuilders and owners at a 
meeting in London failed to arrive at the expected deci 
sion to start at least one prototype tanker powered by a 
water-moderated reactor. They got no farther, in fact, 
than to discuss “procedure to be followed in stimulating 
furtber progress in the field.” 


Japanese Zr Firm Set Up 





First company in Japan to devote itself exclusively to 
roduction of reactor materials, the Toyo Zirconium Co 
os been set up with a capitalization of $560,000 in 


R10 


vested jointly by Ishizuka Research Laboratory and 
Nippon Mining Co. The firm will produce metallic Zr, 
already has an order for 100 tons from the U. S. Com 
modity Credit Corp. (NU, May 56, 21). It plans to 
import 3,000-4,000 tons of ore from Australia in the 
next two years. It will not use the new Japanese process 
(NU, Oct. 56, R8), but standard American methods. 


Two Isotope Centers for Japan 





[he Japan Atomic Energy Research Institute is rushing 
preparations for a $4.7-million isotope center to produce, 
unport and distribute radioisotopes and to give training 
in their use. It will have a Van de Graaff, cyclotron, 
isotope and radiation labs. Tokyo's Metropolitan Gov- 
ernment has drawn up the first program for peaceful 
use of atomic energy to be undertaken by a Japanese 
local autonomous body: a four-year program for radio- 
isotope application in industry, it involves setting up a 
research center to develop isotope uses in agriculture, 
the food and textile industries. Tokyo will spend about 
$400,000 on this program in the next fiscal year. 


Moscow Seeks Mexican Students 


Moscow State University has offered scholarships to 
Mexican students of nuclear physics. Grants include 
tuition, books, medical expenses and in some cases trans- 
portation. Applicants were asked to contact the Soviet 
Embassy. A spokesman there, questioned, would say 
only, “Oh yes, we would like very much to have Mexican 
students at Moscow University.” 


South Africa Tells U Production Data 





The Atomic Energy Board in Capetown has disclosed 
that uranium oxide production in South Africa in 1956 
amounted to 4,440 tons, with output at an annual rate 
of 5,000 tons by year’s end—20% of the world’s output. 
The Union has not yet reached full production. Indi- 
cated ore is estimated at more than 1.1-billion tons with 
a U content of 370,000 tons. Earlier, for security reasons, 
South Africa had given no output figures, except in terms 
ot money value (NU, Jan 56, 15). Value of the 
country’s “prescribed materials” (mostly U) exports was 
£,34-million ($95.2-million) in the first 11 months of 
1956 as against £ 29.9-($83.7-million) in all 1955 
First Reactor Parts Reach Brazil 
weighing some 3,500 lb at Congonhas Airport, Saéo Paulo, 
Brazil. They contained the first parts of the Babcock & 
Wilcox 5-Mw pool, first reactor to be installed in Latin 
America. A second shipment, weighing 12,000 Ib and 
including the thermal column, arrived by sea; and an 
other 5,000-lb air shipment contained reactor floor pene 
Construction of the building to 
house the reactor Fourteen nuclear 
courses are being started at SAo Paulo University to co 
incide with arrival of reactor parts so that a well-trained 
a it: a selected group ot 


A U. § cargo plane last month unloaded — crates 


tration equipment 
W“ ell advanced 


team may be ready to hand 
students will aid in final assembl; 


First German Fuel Elements Delivered 





Degussa has completed the first fuel elements made 
from German raw material, delivered them to the reactor 
group —s design of the Karlsruhe (first all-German) 
1 reactor (NU, Oct. 56, R10) for severe testing 
Cylindrical uranium 
rods of extreme purity, they are clad in aluminum 
bonded by a os developed especially for this pur- 
iigh heat transfer rates possible and to in- 

crease safety in case of can failure 
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Report from Britain: 





‘Irradiation Creep’ Strikes at Calder; 
British Have Trouble with Fuel Elements 


“A brilliant piece of research 
work,” dramatically foretelling un- 
expected and adverse effects of ir- 
radiation on the creep strength, 
came too late to prevent bowing of 
Calder Hall’s lower fuel elements. 
This was officially admitted by Sir 
Christopher Hinton at a London 
press conference convened to dispel 
reports that the Calder reactor was 
down to low outputs. 

It was pee: that two burst 
fuel elements had caused two 
emergency shutdowns so far, but 
the AEA refused to disclose whether 
these were bottom fuel elements. 
According to an official spokesman, 
“The cause of the failure of two out 
of 10,000 fuel elements has no sta 
tistical significance: to give details 
would be misleading.” According 
to reliable sources, it is quite rob- 
ible that AEA itself does not know 
the actual cause of the failures at 
this time, due to radiation levels 
prohibiting detailed analysis. Sig- 
nificant was Sir Christopher's only 
comment that the “usual fault [at 
Windscale] is no more than a pin- 
hole.” 

Cure for the bowing at Calder 
Hall is to strap the center of the 
ower elements so as to zero their 
deflection, thereby reducing the 
effective length of strut and peak 
nagnesium skin stresses. Effect of 
irradiation on creep strength in the 
CEA commercial power reactors 
vill be less, thanks paradoxically to 
higher fuel temperatures. Other 
features in the CEA fuel elements 
such as independent] y-supported 
elements, shorter strut lengths, de 
sign out the bowing condition 

First quantitative analysis of the 
effects of irradiation on creep 
strength became available only just 
before Calder became critical. The 
creep mechanism is now referred to 
is the Cottrell effect, for it was the 
vork of A. H. Cottrell, deputy chief 
metallurgist at Harwell, that clearly 
indicated that the bowing rates de 
igned for on a purely thermal creep 
basis would be considerably ex 


eeded 


Gamble that Failed 
ertheless there were no re 
ch reactors with the flux density 
led to simulate the condition 
so the decision was taken to 
eed with the commissioning and 
ne the fuel elements at an 
arly date. Bottom elements were 


sampled just before the Calder Hall 
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symposium and by that time, even 
wwhife the praises of Calder were 
being sung, it was known that AEA 
metallurgists had had their worst 
fears confirmed, and were grappling 
for the cure. 

Initial feelings approaching de- 
spondency in metallurgical circles 
can be understood when it is re- 
called that attempts to retain the 
geometrical stability of the fuel ele- 
ments—designed as struts and not 
as Euler columns—were a major 
part of a metallurgical research 
gram probably without parallel in 
Britain. Principal achievement was 
the attainment of fined-grained, 
randomly-oriented crystal structure. 
This structure completely frustrates 
the distortion mechanism in uranium 
which, owing to its anisotropic plas- 
tic properties, exhibits preferential 
growth along particular crystal axes 
under irradiation. On the struc- 
tural side, the need to minimize ec- 
centricity in the stacked fuel col- 
umns had been met in the erection 
of the reactor with verticality limits 
having no precedent in civil engi- 
neering practice 


The Cottrell Creep 

By the Cottrell effect, an entirely 
separate creep rate develops under 
irradiation which decreases with 
temperature This is superposed 
on the normal thermal creep rate. 
When plotted on a _ temperature 
basis, the thermal creep rate curve 
goes up, irradiation creep rate curve 
goes down as temperature increases, 
so that the ordinates pertaining to 
each sum to maximum at a particu- 
lar temperature. It so happened at 
Calder Hall that the temperature of 
the lower and hence coolest fuel 
elements—about 200° C-—lay near 
this temperature bracket. Conse- 
quently, not only did these elements 
experience the worst creep rates, 
but being at the bottom of the stack 
were subject to the maximum strut 
load. The effect of creep on the 
struts causes bowing, not barreling, 
and is more serious because at this 
temperature also, manganese has a 
low ductility, hence poor resistance 
to cracking; thermal loads become 
isymmetrical, aggravating the con- 
dition 

The Cottrell effect in no way al- 
ters the particular manner in which 
a specimen yields by creep to an 
applied stress— it simply accelerates 
it 


At 400 © the Cottrell effect in 





uranium zeroes; and although the 
mechanism is not completely under- 
stood, the reaction at these tempera- 
tures is thought to be analagous to 
annealing. 


Recipe for Calder 

Strapping of the bottom elements 
at the No. 2 Calder reactor, now in 
operation, has already been carried 
out; the same modification will be 
effected on the No. 1 reactor at its 
next shutdown Some reports have 
it that bowing had proceeded to the 
point where the elements touch the 
graphite, but the only official state- 
ment concerning their condition was 
that of Sir Christopher who stated 
that the general condition of the 
rods was not impaired. 

The bowing effects due to both 
forms of creep in the CEA sets will 
be reduced to insignificance by: 
diminished irradiation effects due to 
higher temperatures, shorter strut 
lengths, and independently sup 
ported elements. Even when 
they're not independently sup- 
ported, the worst creep rates in any 
case will not occur on the lowest, 
hence most heavily loaded, elements. 


Remedy by General Electric 

Although only GEC is prepared 
to release information on its fuel ele- 
ments, it is reliably believed that all 
designs incorporate independent 
supports for the fuel elements, and 
are probably shorter than Calder. 
GEC makes several important 
claims for its design. Its element 
is 1.15 in. dia., 24 in. long, weighs 
17 Ib and is unalloyed natural ura 
nium. Each canned fuel element is 
individually supported and _posi- 
tioned by non-metallic spiders in 
side a relatively large bore graphite 
tube. These tubes thus take all the 
load off the fuel elements and posi 
tion on each other by a cup-and- 
cone arrangement, in the ieee 
itself by graphite lugs. Main gas 
flow is up the tube bore. About 
6% passes up the annulus between 
tube and core channel which col- 
lects heat due to collision processes 
in the graphite 

Other features include (1) 
smooth external shape of graphite 
cylinder, reducing abrasions in main 
channel during charging and dis- 
charging; (2) reactions between the 
CO; coolant and graphite become 
confined largely to the replaceable 
sleeves, eliminating mass transfer 
effects; (3) fission product con 
tamination from burst fuel elements 
is confined to graphite sleeves, thus 
preventing contamination of the 
main core channel which might pos- 
sibly mask detection of subsequent 
fuel bursts 
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News in Brief 


Reactors for Pumps? 

Pumps for reactors have been a common problem in the 
field. Now the California State peed has voted 
$2,500 for a feasibility study on using nuclear energy as 
power source for pumping water. The state is planning 
a $1.5-billion project to pump water from the Feather 
River in northern California over the Tehachapi moun- 
tains to southern California, through a system of lifts and 
tunnels, Since about five times more power will be 
needed to lift the water over the mountains than will be 
generated by project hydroelectric facilities, atomic 
power holds hope of reducing delivered water costs to 
southern California users 


Buffalo U. Plans Early Start 

Buffalo U. hopes to break ground for its $1.5-million 
nuclear research center this spring, is now preparing 
reports needed to get a construction permit. Houdaille 
Industries Inc. of Buffalo has just added a $50,000 
pledge to earlier ones made by Bell Aircraft (NU, July 
56, R12), the Buffalo Courier-Express, Hooker Electro 
chemical Co., Carborundum Co., 
Kinnon Chain Corp 


and Columbus Mc 


Gibbs & Hill to Engineer Synchrotron 

Princeton U. has retained Gibbs & Hill as architect 
engineer for the $6-million, 3-Bev synchroton to be built 
at the James Forrestal Research Center. The,machine, 
to be financed largely by AEC and used under joint 
administration of Princeton and Pennsylvania U., will 
roduce heavy mesons in much larger quantities than 


as heretofore been possible. About the same size and 

energy as the 3-Bev Cosmotron at Brookhaven, it will 
have a much greater beam intensity, producing 50 
times the proton current now available. The machine 
is now reaching the final planning stage after two years 
of basic design work. 


New Armour Reactor Section 

A new section for reactor and nuclear systems research 
has been set up within the physics research department 
at Armour Research Foundation. Its research field will 
include reactor concepts, core configurations, reactor 
kinetics, shielding, radistion processing concepts and 
irradiation-facility design 


Expansion at SRI 

Stanford Research Institute is expanding its radiation 

research facilities, has obtained a 1-Mev General Electric 

electron-beam generator to study radiation effects on 
lastics and other materials, instruments, equipment, and 

food; pol erization; and initiation of chain reactions of 

various 6 omer 


U. S., U. K. Exchanging Fusion Info 


Exchange of classified and unclassified information on 
controlled thermonuclear reactions has been agreed on 
between Britain and the U. S. under the terms of the 
bilateral. Already a Harwell party has visited the U. S 
last October to see and discuss work in this field; an 
American group made a return visit in November to 
Harwell and the labs of Associated Electrical Industries 
Ltd. which is doing contract work for the Atomic 
Energy Authority on fusion power; and a British group 

rticipated in a classified fusion conference held by 
AEC at Berkeley late last month. 


R12 


Government Contract-Award Items 


Grand lron Works of New York has been awarded a 
$280,800 Corps of Engineers contract to fabricate, 
furnish and deliver structural steel for the Connecticut 
Aircraft Nuclear Engine Lab at Middletown, Conn. 
. . Sperry Gyroscope Co. is being paid $25,202 by the 
Navy to conduct computer studies and analyses of new- 
construction submarines to provide a concise guide to 
crews on depth changing capabilities and limitations of 
these submarines . A $32,939 job for a metallurgy 
radiation test facility for the Naval Research Lab in 
Washington has gone to Tri-Con, Inc., of Bethesda, Md. 
. Arrington Construction Co. of Idaho Falls, with a 
$1,119,280 bid, won the contract to build a low-power 
testing facility at the aircraft nuclear propulsion project 
at NRTS. . . . $469,100 will be the cost of a hot-cell 
area to be built, also at the Idaho ANP area, by J. Hw. 
Wise & Son. 


AEC Contracts Extended 


AEC’s contract with E. I. duPont de Nemours for oper 
ation of the Savannah River plant has been extended 
until June 30, 1960; that with Goodyear Atomic Corp. 
for operation of the Portsmouth diffusion plant until June 
30, 1961. 


Radioactive Ink Developed 


A new method of reproduction called electron printing, 
using low-energy radioisotopes mixed with ink, was 
patented last month by three LSU faculty members. A 
drawing made with the ink is exposed to a sensitized 
surface; no negative is needed. The number of copies 
is limited only by the life of the isotope, and the copy 
is said to have greater fidelity and subtlety than has 
been possible with photography. 


Fuel Elements Flown to Holland 


First shipment of privately-made fuel elements for use 
abroad was flown to Amsterdam. The seven Babcock & 
Wilcox elements, fabricated in three weeks, will be used 
in the AMF Atomics-built research and exhibit reactor; 
22 more standard 20% elements and two experimental 
assemblies will be shipped this month. 


AEC to Teach Atomic Firefighting 

A three-day training course for instructors on control of 
fires involving nuclear materials will be offered by AEC 
at city and state fire-department schools requesting it 
The Federal government will make no charge. 


Reactor Test Device Installed 

The Naval Magazine at Port Chicago, Calif. (near the 
Mare Island naval shipyard) dedicated a 2-million-volt 
GE X-ray machine to test reactor castings for nuclear 
propelled Navy vessels 


Southern Regional Council Constituted 


Representatives of 16 Southern states meeting in Atlanta 
have formally set up the Regional Advisory Council for 
Nuclear Energy (NU, Sept. ‘56, R8). Aims are to 
study the value of a permanent interstate compact for 
nuclear cooperation, and to work out a pattern to 
develop, finance and build one or more major nuclear 
onc. and development centers for Southern industry 
in general. Initial budget is $80,000—$5,000 per state 


Dworshak Joins Joint Committee 
Sen. Henry C. Dworshak (Rep., Idaho) has been named 
to the JCAE seat vacated by former Senator Millikin 
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a) Medel! 22H: Civil b) Model 20H: Thin Wa 
Defense Counter Counter for Survey Meters 


Halogen quench Geiger counters* of all 
gla nstruction are now available from 
RCI 


cost infinite 


Outstanding features are lower 


life, larger output pulse, 
iteau slope, non-photosensitiv 


theyare notaffected by discharge 


lower | 
ity,and 
action of a counter 
first 


first 


quenching 


halogen was reported 
RCL is the 


all z£ lass halogen 


ning 
lepson company 
ifler the counter 
RCL’s! 


perienced scientists and are stated 


ilogen counters have been tested 
by ex 
to be the finest halogen quenched count 
ers currently available. The tubes have a 
measured gas counting efficiency 20 per 
higher than other halogen counters 


cent 


Radiation 


Counter 


Laboratories, Inc. 


d) Medel 11H: General 
Thin Wall Counter 


1H: Thin Wall 

keted Counter 
RCL’s halogen counters are available 
in a number of models, selection shown 
above. These are the most popular sizes 
RCL’s of ex 


perience as the leading manufacturer of 


based on over-a-decade 


radiation counters; tubes 


The 


non-metallix 


cathode surface is a patented, 
conductive coating which 
is transparent. The thin wall section 
the high 
transmission for The 


tubes can be used in open daylight with 


has obvious advantage of a 


beta radiation 
no spurious counts added because of the 
non-photosensitivity. Operating 
efficiency is not impaired by extreme 
there than 1 


tube’s 
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Wall Counter Window Counter 
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* Firet reported on by Clark 


Typical Output Pulse 


Vertical divisions: two velts 
Horizontal divisions: 100 microseconds 


Radiation Counter Laboratories, Inc., 
Nucleonic Park, Skokie, Illinois 
Gentlemen: Please send me additional information on your RCL halogen 


Geiger Counters. 
Nome 

Title 

Firm 


Address 


NUCLEONIC PARK, SKOKIE, ILLINOIS 
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Here’s the latest 
on Lithium 


METAL DISPERSIONS 


Got a catalyst problem? 


Interest sparked by the discovery that 
lithium metal dispersions make unique 
polymerization catalysts (the poly- 
‘natural” 


‘ 


merization of isoprene to a 
rubber) indicates a heretofore unex- 
ploited instrument of research. 





fin . ‘ Microscope and Illuminator by American Optical Company, Instrument Division, Buffalo, 
Consequent ly, Lithium ( orporat ion New York. Polaroid® Land Camera by Polaroid Corporation, Cambridge, Massachusetts, 


is now making available experimental 

quantities of dispersions of this highly reactive 
metal. These dispersions may be purchased in 
either mineral oil or a mineral oil-petrolatum 
combination as the dispersing medium. Dis- 
persions in other media are available as special 
items. The “‘package’’ is obtainable in five 
sizes from 25 grams to 1 pound. Over 90% 


** 


PROCESSORS OF LITHIUM METAL» METAL DISPERSIONS» METAL DERIVA- 
TIVES: Amide « Hydride « Nitride « SALTS: Bromide + Carbonate « Chloride « 
Hydroxide « SPECIAL COMPOUNDS: Aluminate + Borate « Borosilicate « Cobaltite 
 Manganite » Molybdate « Silicate » Titanate + Zirconate « Zirconium Silicate 


of the lithium metal particles have a diameter 
less than 25 microns. 

Specifications, information for preparing 
the dispersions including handling instruc- 
tions, prices and product data on lithium 
metal may be obtained by submitting a re- 
quest on company or institutional stationery. 


. Lends abead in industrial applications for lithium LIT H | l) M ( 0 R Pt R AT | 0 N 
. OF AMERICA, INC. 


2595 RAND TOWER, MINNEAPOLIS 2, MINN, 


BRANCH SALES OFFICES: New York « Pittsburgh « Chicago « MINES: Keystone, 
Custer, Hill City, South Dakota» Bessemer City, North Carolinas Cat Lake, 
Manitoba « Amos Area, Quebec + PLANTS: St. Louis Park, Minnesota « Bessemer 
City, North Carolina e RESEARCH LABORATORY: St. Louis Park, Minn, 
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ATOMS AT WORK FOR PEACE 


acf supplies Three Major 
Facilities for Europe 


Making important contributions to Europe’s growing Atoms- 
for-Peace programs, QC f Industries, Incorporated, is sup- 
plying major reactors to The Netherlands, Sweden and Italy. 
Both light and heavy water facilities are now under design 
and construction. 

Q C f is engineering and constructing a 20,000 kw light 
water research and materials testing reactor for the Reactor 
Centrum Nederland, a 30,000 kw light water facility for the 
Atomic Energy Company of Sweden and a 5,000 kw heavy 
water facility for the Italian National Committee for Nuclear 
Research. 

The Nuclear Energy Products Division of QC f is ac- 
tive in designing and constructing complete reactor facilities 
for power, research, materials testing and other purposes 
Inquiries relating to design and manufacture of reactors, 
components and allied equipment are cordially invited. 

Engineers and scientists interested in joining this large, 
well-staffed and well-supported group are invited to inquire 
into the many available opportunities. 


“Seprtenggae- 


‘ 
‘ 
f 
uv 


(left to right, seated): J. Pelser, Reactor Centrum Nederland; R. Vest 
ergaard, Atomic Energy Company of Sweden; H. Etherington, Vice 
President, Nuclear Energy Products Division of ACF and former 
Director of Argonne National Laboratory's Reactor Engineering Di 
vision; Dr. G. Franco, (CISE) for the Italian National Committee for 
Nuclear Research; (standing): G. Anderson, ACF Manager of 
Reactor Engineering; J. J. Dickson, ACF Assistant Manager of 
Reactor Engineering; R. M. Jones, AC F Manager of Marketing and 
Planning; B. Swenson and B. Nelsson, Atomic Energy Company of 
Sweden; H. Henkel, ACF Project Engineer 


nuclear energy products division 


QCf industries incorporated, 508 Kennedy Street, N.W., Washington, 0.C. 
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AND HERE’S WHAT THEY 


Visitors at the 1956 Trade Fair of the Atomic Industry were asked:—aside 
from the Forum Memo “What technical and trade publications do you read 
regularly?” 

188 responses from representative industrial registrants mentioned 64 maga- 
zines — proving that the nuclear field reaches out horizontally to practically all 
branches of science and industry technology. 

NUCLEONICS received more than 4 times the number of mentions of 
the second magazine. 

* (NUCLEONICS had more than 22% of total mentions; electronics was 
second choice with a little over 5%.) 

These same 188 responses indicated: “how they learned about the Trade 
Fair’ 


NUCLEONICS © oo ai nessceue 
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SAID ABOUTNUCLEONICS ... 


Here's the box score on answers: 


31.4% — Forum mail promotions 

24.8% — Exhibitor mail promotion to customers, prospects 

13.3% — Word of mouth 

12.4% — NUCLEONICS 

9.5% — Press and magazine publicity 

8.6% — Other-exhibitor and non-exhibitor information to employees, 

associates 
Once again impartial evidence of the influence that NUCLEONICS 

wields throughout the atomic energy field. This is the weight behind your 
sales message in the advertising pages of NUCLEONICS. 


330 WEST 42nd STREET, NEW YORK BSC. N. 
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WATER 

AIR 

SITE 
FALLOUT 
STACK GAS 
ad 2-10), 1 18 


Complete Reactor Monitoring Services 


To obtain a license to operate a reactor, it is es 
necessary to obtain meteorological, hydrological, a “wr 
geological, and seismological data for enclosure by VaCC) / ) 
with your application to the Atomic Energy 
Commission, 


To retain your license, you must retain doc- 
umentary proof that your facility meets Federal 


Get your free copy of the latest 
standards for protection against radiation. ; : 


Q TAY a 7 " 

To help you secure data and maintain docu- he alth and safety AEC regula 

ments, the unique, specialized skills and facilities tions, “Standards for Protection 

of Tracerlab are now available on contract for against Radiation [10 CFR part 
the following services . é 

@ Radioactivity and elemental analysis of environ- 20) , effective February 28, 

mental samples 1957, at our booth 4370 at the 


@ Correlation of environmental radioactivity, Atomic Exposition, Philadelphia, 
meteorological, hydrological and geological data 
. — March 11-15. 
@ A complete program for collection and in- 
terpretation of environmental data 











General analysis of materials used in reactors 
and fuel processing plants 


q q 
Bio-assay for radioactivity. il ame 
Radiation safety survey. Tracerlab 
=) Iracerla 
Health physics training. 


Film badge service 1601 Trapelo Rd., Waltham, Mass. 
For complete details on these services as well 2030 Wright Ave., Richmond, Calif. 
as on Tracerlab’s complete reactor monitoring 
instrumentation, write Technical Publication Dept. 





Offices in principal cities throughout the world 


March, 1957 - NUCLEONICS 





New Desegn —— Improved Serfo_mance kids 


gamma-ray 


RECORDING SPECTROMETER 


by nuclear-chicago 


Model 1820 Recording Spectrometer combines 
a precision non-overloading single channel 

pulse height analyzer, analytical count rate meter, 
automatic scanning controls, and a recorder in 

a single chassis for quantitative energy separation 
of gamma-ray spectra. It offers these 
outstanding features: 


@ completely automatic scanning and recording 
of gamma-ray spectra 


@ exceptional non-overloading characteristics of 
linear amplifier 


@ wide choice of full scale ranges, time 
constants, scanning speeds, chart lengths 


@ extremely stable, wide range high 
voltage supply 


@ motor-driven base level potentiometer with 
automatic shut-off 


@ window width continuously variable from zero 
to 10 percent of spectrum range 


Mode! 1820 provides simple controls for greater 
ease in operation, while offering extremely 

stable circuitry for high linearity and freedom from 
drift. It greatly facilitates multiple-isotope tracer 
analysis, isotope identification, relative isotopic 


MODEL 1820 


complete as pictured $2395.00 


abundance studies, determination of radiochemical 

purity, and other techniques in which a true record 

of count rate vs. gamma-ray energy is required. 

Model 1820 and more than 30 other 
new instruments for radiation detection 
and measurement are fully described 

in our new Catalog Q, available on request. 


nuclear - chicago 


co oOo fF - i] - Me — ¢ fw 


235 WEST ERIE STREET + CHICAGO 10, ILLINOIS 


Mixed 
Cs-137, 
1-131 

| Source 


Typical scans made with Model 1820 Recording Spectrometer Window width was ¥% volt during all four scans. Energy 
using DS5-3P scintillation detector with 2 x 2” solid crystal. figures are in mev. 
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A CCGCR propulsion system as it would appear in a tanker. 


PROGRESS REPORT NO. 2 


THE CLOSED-CYCLE GAS-COOLED REACTOR 
-.-for nuclear sitet vats 


Ford Instrument Company is continu 
ing its investigations of the Closed 
The 


Latest findings 


Cycle Gas-Cooled Reactor 
Fighth Reactor Type.” 
show that the CCGCR has many attrac 
tive possibilities for ship propulsion as 
well as for stationary power plants 

Ilustrated on the right is a schematic 
of a ship propulsion system as visu 
alized by FICo. 

There are definite advantages which 
will make this plant attractive to ship 
operators. Among these is the drastic 
reduction of fuel storage facilities. This 
reduction in fuel carrying requirement 
can be reflected in additional revenus 
suc h a 


carrying capacity, In addition 


system should offer: 


Low Cost 
High Thermal Efficiency 
Maximum Safety 


A Minimum of Moving Parts 


(l--TO SCREW 





LOW PRESSURE 
TURBINE 


RECUPERATOR 





STEAM + 
GENERATOR 
> 


TO SHIP'S 
STEAM LOADS 





pot CONTAINMENT WALLS 











MAIN REDUCTION GEAR 





HIGH PR 
- -- 


+r 
aa? 


LOW PRESSURE 
COMPRESSOR 


INTERCOOLER 


HIGH PRESSURE 
COMPRESSOR 
en > 








ALTERNATOR 


TO SHIP'S 
ELECTRICAL 
SYSTEM 





STARTING 
MOTOR 


~~ 


oS 


REACTOR 


Y. 





> 
Ss 


CONTAINMENT WALLS cf 


RECUPERATOR 


STEAM 
GENERATOR 


TO SHIP'S 
STEAM LOADS 











THE CLOSED-CYCLE 
GAS-COOLED REACTOR 


REACTOR CONTROL 
AND INSTRUMENTATION 


SYSTEMS 


REACTOR CONTROL 
COMPONENTS 





CONSOLE \ 


CONTROL ROOM 








Simplified Flow Diagram showing major components 
of ship propulsion system. 


write to: 


107 


FORD INSTRUMENT. 


COMPANY 


Division of Sperry Rand Corporation 


31-10 Thomson Avenue, Long Island City 1, N. Y. 
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EXPANSION 


at Akron, 
New York. 


PAORE zirconiuM on the way 
...from CARBORUNDUM METALS 


NEW PLANT 


at Parkersburg, 
W. Virginia. 


THE METAL OF TOMORROW...TODAY 


Zirconium production will soon be almost quadrupled by Carborundum Metals, currently the leading 
supplier of low hafnium metal for the AEC. Time-tested processing facilities at Akron, N.Y. are now being expanded 
and a new plant is now under construction at Parkersburg, West Virginia 
This means that more on-specification reactor and commercial grade sponge and ingot, ready for forging, 
rolling and fabricating, will be available — available by the middle of 1957 from the Zirconium industry's pioneer, leader 
and only experienced, large-scale commercial producer. Por further information call or write to 


THE CARBORUNDUM METALS COMPANY [PRE TIED PTT Tad se) 


Division of THE CARBORUNDUM COMPANY 


Ask to be placed on the mailing list of *‘More Zr Facts,"’ the Zirconium Industry's first continuing source of technical information 
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research 
isotopes 

test loops 
power 

fuel preparation 
water treatment 


waste disposal 


You'll find 


Chempump 


wherever nuclear energy is at work 


Practically every nuclear installation now in operation or under 
construction includes Chempumps for the trouble-free handling of “hot” 
liquids, acids, high pressure mediums, and other hard-to-handle fluids 
common to the nuclear field. 


Since its introduction as the original canned pump, Chempump has 
maintained its leadership in the nuclear energy field for more than a 
decade. Exceptional workmanship, evident throughout the entire 
broad Chempump line, and a history of outstanding performance 
account for this universal acceptance. 


In the nuclear energy field and throughout industry, Chempump is the 
word for quality in canned pumps . . . quality that pays off in depend- 
able, zero-leakage pumping with minimum maintenance. 


Clamp 


First in the field... 
process proved 


Write for detailed application data. 


CHEMPUMP CORPORATION ~- 1300 E. Mermaid Lane - Phila. 18, Pa. 
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This pressurized water reactor vessel and its 
nuclear core were developed for the 
atomic power station at Shippingport, 
Pennsylvania, the nation’s first commercial 
atomic power plant, With the success of the 
USS Nautilus, Westinghouse scientists and 
engineers continue to design reactor projects for 
other types of submarines as well as surface ships. 
We welcome inquiries from physicists, 
mathematicians, and engineers interested in a 
challenging career in this expanding industry. 
Please address your resume to: 
Mr. A. M. Johnston, Dept. A-127, 
Westinghouse Bettis Plant, 
P.O. Box 1468, Pittsburgh 30, Pennsylvania. 


BETTIS PLANT 
Westinghouse 





2 to 10 Mev Linear Accelerator 


New Arco Western Service Irradiation Center for 


research and product development 
pilot scale studies 


limited commercial processing 





Now Arco offers you a completely equipped serv 
ice center for experimental or pilot plant irradia 
tion. Heart of the new Arco facility is a powerful 
Arco Mark 1-F4 linear accelerator providing a 
convenient, inexpensive-to-use source of »,4 ray, 
The 


Center is available for single projects or continu 


electron or neutron radiation Irradiation 
ing irradiation programs. Your technical person 
nel may plan, conduct and evaluate their own ir 
radiation program ; our staff assists as desired, Or, 
samples may be shipped to Arco for irradiation to 


specification and returned to you for evaluation 


Briefly, these are facilities Arco offers: 


Electron Beam Energy 
Electron Beam Power 
Dose Rate 
Average Beam Current 
Peak Beam Current 
Beam Pulse Length 
Pulse Repetition Rates 
Scan Width 
Maximum Electron Penetration 
(+ 20% dose variation) 
One side 
Cross-hring 
Maximum X-ray Penetration from 
one side (+ 20% dose variation) 
Maximum X-ray Intensity (at 18” ) 
Maximum X-ray Beam Power 
(6 Mev electrons) 
Maximum Total Neutron 
Production 
Maximum Thermal Neutron 
Production 


Chemical laboratory, vacuum line, dosimeters, 


industrial gases, machine shop 


> to 10 Mev 

Variable to 4 Kw 

Variable to 16 x 10°r/min 
700 pa 

200 ma 

10 psec 

1 to 3460/sec 


3 to 18 inches 


$ cm water New brochure describing Service 


s at . } 
cm water Center fac ilities sent on request, 


20 cm 


1.6 x 10°r/he 


New Arco Irradiation Center is at Walnut Creek, 
California, 25 miles from San Francisco. 


700 watts 
1x10 


5 x 10°/cm’* /sec 


APPLIED RADIATION CORPORATION 
Walnut Creek, California, U. S. A. 
Cable “ARCO” YEllowstone 5-2250 
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DAYSTROM REACTOR TRAINING CENTER 


TOMORROW’S NUCLEAR RESEARCH 


me 
TWO PHASE 0.A.R.7. PROGRAM OFFERS COMPLETE RESEARCH REACTOR CONSTRUCTION AND TRAINING 


Practical nuclear training for selected industrial personnel and university faculty members is 
offered by Daystrom at the new Training Center in West Caldwell, New Jersey. 
This two phase program encompasses 
D.A.R.T. REACTOR TRAINING 

This specialized curriculum is designed to include lectures and training in: 

Basic reactor technology and theory 

Operation of an actual D.A.R.T. Reactor 

Applications of nuclear research reactors 

Maintenance of reactor controls and instruments 

Preparation to qualify for licensing by the A.E.C. as a reactor operator capable of instructing 

others in the operation and use of the D.A.R.T. Reactor. 

D. A. R. T. REACTOR INSTALLATION 


Low-cost D.A.R.T. Reactors capable of producing 10 thermal kilowatts, will be manufactured in 
quantity by Daystrom. The following comprehensive list of services is offered in support of a 
D.A.R.T. installation on any university campus or selected industrial site: 
1. Technical Consultation — to determine and design 

facilities most suited to the client's requirements 

Site Investigations — to evaluate and select 

the best available location. 

Preparation of Reports — to fulfill all 

existing A.E.C. permit requirements 

Training — of several months duration to prepare 

personnel for the A.E.C. license examinations 

Manufacture and Installation — 

of the D.A.R.T. Reactor 

Preparation — of normal and emergency 

operating procedures 

Supervision — of initial loading, 

Starting up and criticality 


CUTAWAY OF D.A.R.T (DAYSTROM ARGONAUT FOR 
RESEARCH AND TRAINING) REACTOR 


X 


: Additional information about all phases 
of Daystrom's new ra Program 

can be obtained by willie to 
D YS Oo M N U Cc L E A R Mr. A. Stanton, Director, Domestic Sales 

| Division of Daystrom, Inc. or Mr. K. Kirchheltes, Director, 


WEST CALDWELL. WN. J Foreign Sales. 





4‘ AT BOOTH 404 ATOMIC EXPOSITION AND NUCLEAR CONGRESS BOOTHS 2907-2915 MARCH IRE SHOW 
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ROBERT S. CHERNOFF 


Gradvated from M.1.1., 6S. in €. £.1949 
and joined Bell immediately os Test Engineer 
on Rocket Instrumentation. A yeor later he was 
appointed engineer ir 


tation Laboratory and ir 


harge of the Instrumen 
1953, became Group 
Engineer of Standards and Calibration. After 
two years from 1954 to 1956 as a Test Engineer 
in the Army, he o Bell 
Engineer, « positio 

Research Division 


os o Group 


Opportunities Unlimited 


Professional progress comparable to Robert Chernoff’s is 
typical, rather than unusual, at Bell Aircraft. The new Re- 
search Division, in particular, offers the broadest possible 
opportunities for creative talents in many fields thanks to 
the exceptionally wide diversity of Bell’s activities. You'll 
never be held back by a lack of projects or bored by their 
narrow scope in this fast moving, progressive organization. 

If your present position doesn’t offer adequate opportu- 


nities for professional accomplishment...if you are interested 


I 


pheror fl (vee 


in a broader, more diversified challenge to your ability 
and creativeness, contact Bell, 
Write Manager 


Weapon 


today Technical Employ- 


ment, Dept N31, Systems Division, 


BELL AIRCRAFT CORPORATION, P. ©. Box One, 


Buffale 5, New York, 


Aerodynamicists 

Aeronautical Engineers 
Automatic Control Designers 
Chemical Engineers 
Combustion Research Engineers 
Communications Engineers 
Design Checkers 

Development Engineers 
Digital Computer Development Engrs. 
Dynamic Engineers 

Electronic Engineers 

Electronic Standards Engineers 
Engineering Computers 
Environmental Specialists 
Field Test Engineers 

Flight Test Engineers 

Flight Test Programmers 

Fuel Injection Specialists 

Gear Designers 

Guidance Engineers 

Gyro Specialists 

Heat Transfer Engineers 
Hydraulic Engineers 

IBM Programmers 
Instrumentation Specialists 
Laboratory Test Engineers 
Magnetic Amplifier Specialists 
Mathematical Analysts 
Mechanical Engineers 
Microwave Engineers 
Miniturization Engineers 
Operations Analysts 
Physicists 

Power Plant Designers 
Pressure Vessel Designers 
Project Engineers 

Publication Engineers 

Radar Systems Engineers 
Rocket Test Engineers 

Servo Systems Engineers 
Servo Valve Engineers 
Statisticians 

Stress Engineers 

Structures Engineers 
Specification Writers 

Technical Writers 

Test Equipment Engineers 
Transformer Design Specialists 
Transistor Application Engineers 
Thermodynamic Engineers 
Telemetering Engineers 
Turbine Pump Designers 
Vibration & Flutter Analysts 
Weapons Systems Engineers 
Wave Guide Development Engineers 
Weights Engineers 
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TUBEXPERIENCE IN ACTION 


NEED TUBING FOR ATOMIC POWER ? 


Superior is your most reliable, experienced source 


Put Superior’s experience and facilities to work for you! Superior has 
drawn most of the reactive metals, as well as stainless steels, nickel 


PROOF : 


; ; alloys, ingot iron, and Inconel, for important nuclear applications 
e Superior has supplied millions of feet of tubing 


The end uses for Superior tubing in atomic energy include control rod 
tubing, fuel element tubing, tubing for moderator and shielding cans 
process lines for handling radioactive liquids, and tubing for han 


for atomic applications to many of the key manu- 


n the atomic field. 


has already successfully manufactured dling facilities 


m uranium, vanadium, niobium, tantalum 
NOTE: In some cases, tubing can be produced only with AEC release 


because of priorities on materials 


an 


has 9 years’ experience in drawing 
you are > ) Bg : i “C mall tubing 5 

n titanium and titanium alloys, If ire in or serving the atomic industry and need ill tubing, thi 
store of experience can be of great assistance to you. For information 
was the first mill to produce tubing write Superior Tube Company,2027 Germantown Ave., Norristown, Pa 


nium, Zircaloy-2, and Zircaloy-3 
SEND FOR LATEST DATA ON ZIRCONIUM... Write for your free 


And Superior has produced all this tubing to copy of Special Analysis Memo 112—on zirconium, covering properties, 


ceptionally precise specifications and tolerances! fabrication and other data. 


Syoeir file 


The big name in small tubing 
NORRISTOWN, PA. 


All analyses .010 in. to % in. OD—certain analyses in light walls up to 24% in. OD 


West Coast: Pacific Tube Co., 5710 Smithway St., Los Angeles 22, Calif. « RAymond 3-133] 
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UTR-10 Plan 3 


SHOWING EXPERIMENTAL 
SHIELDING TANK AND 
THERMAL COLUMN 


Be a Ae AR a A 
eat wee 
; so 


most neutron fiux per dollar 


American-Standard’s University the basis of providing, at minimum 
Training Reactor, a graphite- cost, an optimum neutron flux 
reflected, water-moderated tank __ level of 10''n/cm?-sec...required 
type reactor, was developed from to meet the needs of a comprehen- 
the proved training reactor con- sive nuclear training curriculum. 
ne originated in the prototype For details on the UTR program, 
ARGONAUT at Argonne Nation- 


including information on various 
al Laboratory. 


plans to meet your specific re- 
The UTR-10 design power levelof | quirements, write for the UTR 
10 kilowatts was established on descriptive brochure. 


American-Standard 


ATOMIC ENERGY DIVISION 


REDWOOD citTy * CALIFORNIA 
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you can '2el 


the difference in the 
CRL system 


The “sense of feel’, the versatility, the uncompromising 
workmanship ... all are found in every CRL Manipulator. 
Research and production organizations all over the world 
are using these units for handling radioactive materials, ex- 
plosives, and hazardous chemical and biological materials. 
Natural motions of the operator’s hands are copied exactly 
at the slave end. The “sense of feel’’ helps the new operator 
to become perfectly competent with practically no train- 
ing period. Handles are adjustable to comfortably fit a wide 
range of hand sizes. 


*gtre es omy 


CRL 
Model 4 


for over-wall 
installation 

A general purpos 
manipulator for 
installation over a 
barrier wall or through 
a ceiling opening of 

a protective 

enclosure 


CRL 
Model 7 


for restricted space 
installation 

A space conserving, 
light weight 
manipulator for use in 
hoods or over thin 

walls where minimum 
clearances and easy 
portability are 
important factors 


CRL Model 8 central research manipulators 
: : from basic Argonne National Laboratory design 
for thru-wall installation 
general purpose manipulator for 
itions requiring intermed 
to high level shielding, the 


| 8 features write today for comple le information to: 


irate “sense of touch’’ Low 
tion forces . . . low back- 


la low inertia 
reater versatility A variety of Cth 
ools, tongs and locking motions 


iilable 2 
laboratories, inc. 
Easter sight control Operator 


need not step back to bring Red Wing, Minnesota 
materials to barrier window Dept. 102 

Ease of relocation Can be with- 

drawn and moved by one man 

in five minutes witha light crane 
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1. Cranes and hoista Yor moving 
heavy loads in hot cell areas 
by remote control. They are 
specially designed by CRL for 
use with CRL manipulators, 


Flexible booting Protects slave 
end from dust and contamina 
tion. Restricted gas-flow seal 
possible. Won't interfere with 
manipulator’s natural move- 
ments, 


Spec ial purpose tongs For repe 
titive or highly specialized 
operations Wide gulballon of 
types Lo meet all re quirements 


accessories 
for master-slave 
manipulators 


Load hook Available for CRL 
Model 8; may be remotely at 

tached or removed, Permits a 
vertical lift of 60 Ibs, 


Motion locks Permit objects to 
be rigidly positioned in space 
Locking grip standard on all 
models, Locks for all other mo 
tions available as accessorws 
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-in. and 1-in. angle valves 
with capped stem, and 1-in. 
companion check vaive. 
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Atomic Reactor Valves 
from CRANE CO. 


Cap and bonnet are seal-welded to contain 

















New, valuable developments by Crane for 
atomic energy service include these capped any leakage that might occur through the 
Designed for 3000 psi at 
500 deg. F., they are used in the primary cool- 


stem angle valves stuffing box. A canopy weld at the body- 


bonnet joint permits ready dismantling. 


ant system of pressurized water reactors. 
Bodies are Monel or stainless steel. Cap and 
trim are stainless steel. Seating surfaces and 
other parts exposed to wear are Stellite. With 
non-rising stem design, the danger of stem 


thread failure is eliminated. 


These angle valves are furnished in sizes 


! Companion globe and check 


6 to 2 inches 
patterns are also available. 

Your inquiry regarding these valves assured 
prompt attention. Contact your local Crane 


Representative, or write to address below. 


Booth No. 337, Atomic Exposition, Philadelphia 


CRAN E VALVES & FITTINGS 


PIPE © PLUMBING ¢ KITCHENS ¢ HEATING ¢ AIR CONDITIONING 
Since 1855 
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Crane Co., General Offices: Chicago 5, Ill. Branches and Wholesalers Serving All Areas 
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Imagineering for Defense 


In Alcoa Aluminum 


BORAL 
SHIELDING 


CREW'S 
QUARTERS 


BORAIL 
SHIELDING 


This cross sect 


how it is const 


fo) Me lols) sleet tasiiel | 


aluminum skin 


New Alcoa Boral stops neutrons 
100 times better than concrete 


The high neutron density from the reactor 


represents a very real danger to the crew of 


an atom-powered plane. Since it is impossible 
to get very far away from the source of the 
radiation, effective shielding must be used to 
block neutrons. Yet shielding is either very 
bulky and heavy, as in the case of dense 
concrete, or heavy and expensive, as in the 
case of lead. 

A lightweight neutron shielding material 
developed by the Atomic Energy Commission 
may prove to be an effective solution to the 
problem. It is known as Boral from its princi- 
pal ingredients, boron carbide and aluminum. 
Boral has 100 times the shielding effective- 
ness of dense concrete. A plate only '4 in. 
thick stops more high-speed neutrons than 
two feet of solid concrete. 

In response to AEC’s invitation to com- 
mercial producers, Alcoa has developed a 
fabricating procedure that provides Boral 
plate and sheet in the largest sizes ever of- 
fered. It is made in thicknesses of !, in. and 
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14 in.; sizes 48 in. x 120 in. and 36 in. x 96 in.: 
annealed or “‘as-fabricated’’ tempers. 

While Boral is ideal for mobile reactors 
such as those used in the Nautilus or in air 
craft, it can be used anywhere that space and 
weight limitations are critical. It is already 
in use or planned for atomic power and re- 
search reactors of many types. It makes pos- 
sible far more compact and workable designs. 


A> 
lo THE ALCOA HOUR 


Sy: nue 


Your Guide to the Best 
in Aluminum Value 


ALCOA 


ALUAINU AA 
MILL PRODUCTS 


aoe 


Aluminum Company of America 
849-C Alcoa Building, Pittsburgh 19, Pennsylvania 
Please send me a free sample of Borat. 


Nome Title 
Company 
Address 


State 





maeloeialeomia-\—jam lero 


olamial=s aleleist-lantlas 


Like the logs in a fireplace, the fuel of a nuclear reactor “burns out” after 
a time. By-products, created by irradiation, “clog” the atomic structure of 
the fuel element, and the release of heat energy diminishes. 
When reactor fuel reaches this stage, it must be reprocessed in order 
to reclaim the valuable fissionable materials remaining. In this way 
nuclear power production can be maintained economically. 
The reprocessing of spent fuel elements is a task that requires 
expert knowledge, specialized equipment, and considerable prac- 
tical experience, It is, in general, an outside service that will be 
required by reactor operators. 
With more than eight years of successful experience in 
solving advanced technical problems in atomic energy, 
Sylvania has long been a leading processor of reactor fuel 
elements and assemblies, as well as a pioneer in the de- 
velopment of fuel elements and reprocessing techniques. 
Whether your reactor plans are immediate or for the fu- 
ture...for power or research...international or domestic 
...our scientific and engineering staff will gladly discuss 
your problems with you. For your files, write for Sylvania’s 
just-published booklet on Nuclear Fuels. 


¥ SYLVANIA 


ATOMIC ENERGY OIVISION 


SYLVANIA ELECTRIC PRODUCTS INC. 
Atomic Energy Division, P. 0. Box 59, Bayside, New York 
in Canada: Sylvania Electric (Canada) Lid., Shell Tower Building, Montreal 
Sylvania international Corporation, 92 Bahnhofstrasse, Coire, Switzeriand 


LIGHTING + RADIO + ELECTRONICS + TELEVISION + ATOMIC ENERGY 
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ENGINEERS... 
Let’s exchange resumes 


NAME 
Douglas Aircraft Company, Inc. 


POSITION: POSITION: 


World’s largest manufacturer of air- 
craft and missile systems. 


ADDRESS: 


LOCATIONS: 

Santa Monica, El Segundo and Long 
Beach, California; Tulsa, Oklahoma; 
Charlotte, North Carolina. 


Tere ree eee ee ee eee eee 2) 


AGE: 
37 years in aircraft; 15 in missiles. 


EDUCATION: i cedeensliaeiiaiaaaee 
An engineering company managed EDUCATION: 

by engineers — such as Donald W. 
Douglas, B.S., Aeronautical Engi- 
neering (M.I.T.); F.W. Conant, B.S., 
Civil Engineering (Cornell); and 
A. E. Raymond, B.S., Mechanical - EXPERIENCE: 
Engineering (Harvard), M.S., Aero- 
nautical Engineering (M.I.T.), and 
Ph.D. (Hon.) (Polytechnic Institute 
of Brooklyn)—and with key staff 
positions held by graduate engineers, 
physicists and mathematicians, 
many with advanced degrees. 


NIKE I, a radar-guided missile, 
EXPERIENCE: intercepts bombers at supersonic 
Holder of many “firsts,” such as speeds despite evasive action. 


first airplane to carry & pay load Engineers modify DC-8 configura- 
equivalent to its own weight. (1920) tion in wind tunnel tests for stability 


first globe-circling airplane. (1924 and control data. 


Builder of the famous “DC” series of 
commercial aircraft. 

every six seconds of each day, a 
Douglas commercial airplane takes 
off or lands somewhere in the world. 

currently producing the ocean- 
spanning DC-7C. 

soon to be in service, the exciting 
jet-powered DC-8. 


REFERENCES 


Builders of nearly one-sixth of the 
planes produced in America during 
World War II. 

Currently building even finer trans- 
ports, jet fighters and bombers. 
Pioneer in missile research and pro- 
duction with nine separate projects. 


FILL IN THE ABOVE INFORMATION 
TEAR OUT AND SEND TO 
C. C. LaVENE 


REFERENCES: 

Every major airline in the world. 
Thousands of manufacturers of com- 
ponents for aircraft and missiles. 
The U.S. Army, Navy and Air Force. DOUGLAS AIRCRAFT COMPANY 


Some 80,000 Douglas employees BOX 1-620 
throughout the country. * SANTA MONICA, CALIFORNIA 


th Bi, 
GO FURTHER WITH sana, a FIRST IN AVIATION 
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all 
at 
once... 


th HONEYWELL ISICORDER 


directly records six phenomena 


at frequencies from DC to 2,000 cps 


The versatile Visicorder will fit almost unlimited oscillograph applications where instantaneous monitoring and 
direct recording at high frequencies are needed. 


The Visicorder is the only oscillograph that records directly at frequencies up to 2,000 cps, and at sensitivities 
comparable to photographic-type oscillographs. No peaked amplifiers or other compensation of any kind are needed. 
The record requires no liquids, vapors, powder magazines or other processing materials. 


Deflection is six inches peak to peak, covering the full width of the 
chart. The D’Arsonval-movement mirror galvanometers, in your choice 
of natural frequencies will, of course, overlap their traces; they are 
not limited by adjacent channels. 


Let your nearest Honeywell Industrial Sales Engineer tell you more 
about how the Visicorder fits your application. Call him today. 


Honeywell /|H) 


5200 EAST EVANS AVENUE + DENVER 22, COLORADO 
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The coupon (right) will bring you complete data. 
For information on other Westinghouse detec- 
tors, attach separate request on your letterhead. 


you Can BE SURE...1F ITS 


Westinghouse 


4106 Electronic Tube Division, Elmira, N. Y. 
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Westinghouse 
announces 
two new 
Neutron 
detectors 


Extending the range of neutron detection . . . with 
operational and reliability advantages for nuclear 
physicists and engineers. Only Westinghouse . 
with the developmental “lead time” provided by 
the pioneering U. S. S. NAUTILUS... can help 
you plan and build so much experience into your 
nuclear equipment. 


The WL-6938 high sensitivity BF; proportional 
counter permits use of a smaller reactor source, 
more convenient location of detector, or elimination 
of pre-amplifier in instrumentation channel. 


The WL-6941 uncompensated ion chamber has per- 
formance in the power range equivalent to com- 
pensated ion chambers at substantial savings in 
detector cost. 


. (i First of its type to carry 


x Highest sensi a Warranted-Life 


tivity neutron Neutron sensitivity 
detector offered 4x 1074 ampa/ny 
a Gamma sensitivity 
veutro Pnisi- a ' j 

8 x 10-" ampa/R/hr 
in 60 coun Warranted life 10'" nvt 
a of ’ ~ This detector contains 
re eee a U-235 and can only be 
2 volts purchased with A.E.C 


WL-6938 authorization 
/  WL-6941 








Commercial Engineering Department, Westinghouse Electric 
Corporation, Elmira, New York. 


Please send Data Sheets on the detectors checked 

0) WL-6938 0) WL-6941 

(J Information requested for other detectors as noted on 
attached sheet 


Position or Title 
Address 


a - Zone State 


i 
i 
I 
i 
Organization ____ . . ' 
i 
i 
I 
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COBALT 60 
FOR RESEARCH 


Nuclear Systems has in inventory 
kilocurie quantities of Cobalt 60 
ready for fabrication into whatever 
strength and form you may require. 
Nuclear Systems is equipped to 
produce Cobalt 60 sources up to 
50,000 curies for research studies on 
raw materials, products and 


processes. 





COMPLETE, “PACKAGED”, CUSTOM RADIATION SERVICE 


Whatever your requirements in the field of 
radiation, you can obtain them all from Nuclear 
Systems. 

Radioactive sources of all types and strengths. 
Associated shielding and exposure equipment. 
Detection and control equipment and instru- 
mentation. Consultation, training and irradia- 
tion service. Design service for constructing 


facilities. 











Send your specifications for a quotation to: 


NUCLEAR SYSTEMS 


A Division of The Budd Company . Philadelphia 32, Pa. 
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VMiore Space 
for Radiation Tests 


In May of this year the Engineering Test Reactor will go critical at the National 
Reactor Testing Station in Arco, Idaho. This will more than double the high 
flux space available for tests of reactor components. Power and average 


fluxes are impressive: 175 Mw, 4 x 10'* thermal, 1.5 x 10'° fast. Facilities 
are provided to conduct tests under environmental conditions of temperature, 


pressure, and surrounding media that simulate those encountered in the end use. 


In this special report the editors of Nucleonics present a detailed description of 
the ETR, its design, construction, and facilities set against the larger frame of 


the burgeoning need for test-reactor facilities. 


The need for test-reactors will remain acute even after ETR has gone critical 
ETR is intended primarily to serve the needs of the Atomic Energy Commission's 
civilian (power) and military (propulsion) reactor development program. It 
leaves unsatisfied needs arising in connection with private and foreign reactor 
programs, for in spite of the fact that ETR space can be allocated for such 
private needs, it is not expected that any substantial amount will be available. 
Thus still more test reactors are needed—we hope this report will help stimu 
late activity directed toward filling that need. 





Test Reactors— 
The Larger View 


Test-reactor requirements depend upon development demands, 


test-reactor capabilities depend on the state of design art. 
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Ideal Conditions for Advanced Testing Reactors 
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neutrons converter plates 


reactor would operate at 1 Mw 
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JUNE 5, 1956—View of reactor area. Channel JUNE 20—External thermal shield as seen from first-floor level 
between core position and camera is portion of Shield is one of five intended to reduce heating of cement biological 
disposal canal designed for handling spent fuel shield from neutron and gamma radiation. Other four are inside 


elements and radioactive equipment pressure vessel 


Building the atl 


JULY 10—Reinforcing steel in place around thermal shield ready NOVEMBER, 1956-——In compressor 

for third pouring of high-density concrete. Bed plate for sup building workmen assemble 4,000 

porting pressure vessel will rest on concrete at top of thermal shield hp compressor drive motor (right) 
Experimental heat exchanger is in 
left foreground 


DECEMBER, 1956 Air compressors that 
will supply surge tank lie on their rack 
and await installation 
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Removable ){ 


for experiment 


FIG. 1. Plan schematic of ETR. Core facilities in 
clude one 9 * 9-in. hole, one 6 9, three 6 * 6 
and four 3 * 3 In reflector are two 6  6-in 
holes and six 3 3 plus numerous basket holes 








il Core and 
» Facilities 


The ETR core design features large test volumes with 


high-flux. Control system has black and gray bottom- 
driven rods. Bordn.is put in fuel cladding to minimize 
reactivity changes. It all adds up to a:reactor with sig- 


4, 


nificant engineering ysefulness 


? 


By R. H. DEMPSEY, J. J. JACOBSON, SALOMON LEVY, and sEATRAM WOLFE 
\lo Pou Ka pment ui Deperime ent, General Electric Con pany San Jose, California 
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Characteristics of the Engineering Test Reactor 


OVER-ALI CONTRO! 


Power level 175 Mw Type of control rods rectangular, upper section 
Power density of core 494 kw liter absorber, lower section 
Core life before refueling 3,500 Mwd fuel assembly (except 
regulating rod which 
CORE—excluding experiments has no fuel) 
Number of control rods 
Average diameter 32 in. Black 
Height 36 in. Gray 
Core voiume 21,600 cu. in. Regulating 
t content (initial core ~ 14.1 kg startup; ~9.5 Rod worths 
no experiments) kg end of cycle Black, total of four 14.4% Ak/k 
content, with first set ~13.2 kg startup; ~9.0 Gray, each 1% Ak/k 
of experiments kg end of cycle Regulating, each 0.4% Ak/k 
Metal-to-water ratio 0.67 
Thermal neutron flux, 4» 10" COOLING 
ee ae 5,500 Mwd Inlet pressure 200 psia 
Epithermal flux, average 1.5 ~ 10 
over 3,500 Mwd 
Poison content, initial 1.55 gm B per fuel ele- 
core, no experiments ment; 0.63 gm B per 
control-rod fuel section 
Poison content, first set 2.62 gm per fuel element; 
experiments 1.07 gm per fuel section 


(to vessel) 
Inlet temperature 110° F 
(coolant) 
Outlet temperature iM” F 
(coolant) 
Number of passes of 
coolant thru reactor 
Coolant velocity in fuel 35 tps 
passages 
Coolant flow 44,400 gpm 
Fuel assemblies: Rectangular, 3 » 3 Heat transfer area 1,208 ft 
(active plus inactive) in., 2S aluminum Average heat flux 440,000 BIL /hr/ ft 
Number of assemblies 49 (plus 16 in control Maxium heat flux 1,150,000 BTU /hr/ ft 
rods with less leading) Hot-spot factor 2.5 
Plates per fuel assembly 19 Maximum fuel-element 277° F 
Fuel plates per control rod 14 surface temperature 


of control rod 
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FIG. 3 Percentage change in reac FIG. 4 Percentage excess reactivity, FIG. 5 Time available to override 


tivity from various sources with operation expressed in percent, as function of xenon after scram, assuming 4 min to 
for startup core operating time get to full power after startup 
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FIG. 6. Curves of power vs time for 
automatic power reduction sequences 














FIG. 7. 


Engineering Test Reactor scrams 
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t , Design and 
Construction 


Z 
Wi Y 


In May ETR will go critical, only two years from start of design. 


Here's how it was done—the story of testing and selecting 


metals for vessel and piping and cement for shielding and 


of solving some unusual construction problems 


By PHILIP D. BUSH, Ko 


THe WTR pestan « 

a conceptual design 
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What Did ETR Cost? 


The total cost of the ETR facilities is 
$17,200,000 including engineering, develop- 
ment, and construction. The original budget 
for the work was $18,500,000. A breakdown 
is as follows: 


Reactor and control 

instrumentation $2,900,000 
Reactor building 2,200,000 
General experimental 

facilities and 

services 2,100,000 
Coolant systems and 

associated buildings 4,200,000 
Electrical 2,100,000 
Winter protection 400,000 
All other 800,000 

TOTAL CONSTRUCTION $14,600,000 


Engineering, development, 
and inspection 
GRAND TOTAI 


2,600,000 
$17,200,000 
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Emergency pumps will 
One air system flushes 
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Schematic diagram of primary-coolant circuit. 
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TABLE 2. Bids and Deliveries of Major ETR Components 


Component 
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teactor iatrument 
Cooling tower 
Control rods and dr 
High-pressure compre 
Heat exchanger 

Cinid plate forging 
Grid plate machining 
Fuel elements (enact 
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J36-in piping 


l 
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OOo 44 OOO 


2 000 202 000 


O00 600 000 


O00 8,000 


O00 700.000 wenn 


H00 20,200 ” 


Ou) 60,000 


humigation t also 


le-body 


mn products in ¢ 


Howe Vel 
rring fumigation or looping condi- 


it 


during infrequently 


would be possible for 


KTR-MTR 


hnical ove 


a person 


irea to receive 


rexpo dose to the 


ure 


| greater tl 5 r) from I 


\ posure ipproximately equal 


usual tracer 


rece mm he 


diagnostu 


nt conditions such 


ippears that an 


xposure could possibly result from 


irradiation to gaseous 


\ 


aque 


haust 


“lr 


It, during those periods when a gas- 


s 1.645 


(Ht) Zhi 


OOo 
2 OOO 225 000 
).000 116,000 


O00 44,000 





height, the ground-leve 


centration re 
experiment could be 
10 liter 


pherie condition 


me duru t 
uch 
or “looping.” Ane 
terms follows 

by 


when 


Fumigation thi 
plume occurs 
version is present just 
the stack This acts a 
vective eddies mix the « 
the shallow lapse layer 


With this 


tions are 


condition 
brought to tl 
the entire effluent str 
fluent 
brought to the ground 
at 


Fumigation 


concentratior 


great distance 
also vil 
tained ground 


eon 


neighborhood of the 
condition | 


tituts 


other 
fumigation con 
hazard to the 
Looping hy the et 
with a large vert 
gradient in the air (; 
bulently, and = sporad 
strong concentration 
brought to the ground 
the Another 


looping probably result 


stack 


blows from a relative! 


over a built-up area leadit 


i 


ulting fror 


urroundin 


Hues 


able mechanical turbules 


The A* figure of 2 
mentioned above is | 


for continuous 


is specified in Handbook 


56 


occupation 


the meteorological conditions that 


to thi pected 


concentration are ex] 


occur at a max of the 


it | 


imum o 
An 


sire 


imticip 
periments at hig 
onl | 


these 


riitithitiyv 
le 
vill oceur 
total 
entaril 
cept ubole 


me of 
LPproxiina 


Theref 


high concentra 


tire 


Hazard from fuel-element failure. 


One can estimate the hazard from fail 
{ 
of a fuel element in a gas-cooled 


rele both particulate 


fy 


experiment isifig 


i] gaseou ion products at a time 


wind blow from the 


Prat 
i 


caught in 


hen there 1 i ng 


uitheast quadrant tie ite 


vould | 


mat 


” the hitter 


hut 
nd 


tach 


produet uch i 


be 


Ou enon 


odine would emitted ty the 


It was as umed in computing the hazard 


ource that during in incident 


| 


ue} 


thi 


ol a | element in a gas-cooled 


»>M 
of the 


periment operating at 6 would 
fuse off 
thre 


( itl Further 


ind be earned out wtor 
hiter 
ill of the 


latte: 
itive 


re 


coolant stre to 
it was 


vould 


tith 


issumed that 
volatile 


ine he 


of the o 


umption is probabl 


CONSE! 


nee at least some of the fission product 


odine undoubtedly will | 
the 


ry bound 


th either | with 


fi 


uranitim tu ol 


ther ion products 
Should a fuel element fail in a 

woled 
mospheric conditions, it has been com- 
puted that be 
incurred by persons in either the ETR 


MTR other 


experiment during normal at 


te 


ho overexposure will 


area ot nearby occupied 


a4 


xperimentt ya | iy operated and 


itmospheric conditions 


tutions will be 


of the 


specia rec 


rin the operation reactor. or 


xperiment be discontinued 


the conditu become more 


ilple 


COSTS 


ids and deli 
ined 


them 
th 


lor 
times it 

t projected for 
ind power plants 


on the lack of familiarity 


hat manufaectu would charge 


heir componet Presumably 
itions and litth 
bids 


renuson ib 


tarthng inn 


rie 
ho 


opmental we the endor 


rR 


hould | ! 


Pable 


een 


plainly that 


t items still ry 


( tmount 


ing irchitect 


mitractor for de 


ivti 
Suecl 


iil 
onstruct the most 


facility without 


ol an one 


interesting to 


LIsO 


the controls and 
ent les t} 


f the ETR 


mentation por il 


Valott, J 
ind H. D 


Raphael 


Young 
BIBLIOGRAPHY 
= 3 


Hanser 


105 


March, 1957 - NUCLEONICS 





FIG. 1. 27 proportional flow counter 
At bottom right is 1-cm’ indium foil 
evaporated on collodion supporting 
film and mounted on graphite rings 


Measuring Flux Absolutely 


with Indium Foils 


Absolute beta counting of weighed indium foils with a 27 flow counter 
is advanced for measuring absolute thermal neutron flux in a reactor. 
This would supplant measurement relative to a standard neutron source 


by the usual end-window Geiger-Mueller counter method 


NEUTRON FLUX} ire often measured Fig. | since it is mo uitable for 


by means of the induced beta activity absolute measurement 


By MOSES A. GREENFIELD* of indium foil One method is to use 
ROSCOE L. KOONTZ a combination of indium foil and coun Methods 
ALAN A. JARRETT ter that ha ! brated with the The use of indium a letector de 
JUANITA K. TAYLOR neutron flux fre known neutron pends on the reaction 


source or standa | | 
on r al , n' +n» In'?*—» Snll® + ¢ 
{ International An alternative method. deseribed 


th American Aviation, Ine oa 


here, is to determir he absolute di Indium-116 has two periods, one 13 sec 


noga Park, California : 


integration rate of an activated indium und the other 54.3 min Both periods 
foil and, with the known thermal-neu are excited by both thermal and epi 
tron-absorption cross section of In™ thermal neutrons After the foil is ir 


to compute the I mal flux kor radiated in the position of interest at a 
f Radiology, Medical 


ae ‘ } f; bets . . 4 P . P a bk " 
. Cumeeneie a6 te measuring the a activity we onstant flux for a known period of 


used a 29 proportior flow counter time, the 54.3-min activity is measured 
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FIG. 2. Self-absorption correction factor for 27 counter without 
backscattering material other than supporting film 


FIG. 3. Self-absorption, backscattering, and photon-contribution 
correction factor for 27 counter with foils on thick silver backing 


after waiting several minutes to elimi 
the short-lived activit 


thermal flux is 


iccount for the flux depression at the = and right-hand side of 

foil (2, 3) (see colurnns 4 and 5 of the Eq 

table). Thus Ay(z) A(x) R(xr)/a(z) At very 

1OrAO The factors fy, fo, Se, Sy 

din Ol] 3< Go ,N k either constant or vary slowly with foil 
; thickness 


given calculated and experimental fa z 0 mg 


compute the 
nate 3 as a function of foil thickness z 
small thicknesses (<30 pg 
and f,, are em*), f,(2) may be assumed to be equal 
A graph of Qf,f.(x) 
and extrapolated to its value of Qf, at 
and f,(0) l Then 
is obtained by dividing each value 
of the Qf,f.(z) by Qf,. A value of Q 


may he obtained by measuring f, 


to unity. is made 


Though many workers have 
The numbers 10° and 60 are conversion em? 


factors, for mg to gm and minutes to tors for various effects (4-6), no data f(a 


seconds, to express dy, in n/em?/ser have been found in the literature that 


The factor 1.011 i 
into account the Maxweltli 


i correction to take would be directly applicable to indium 


im di tribu In general, such data may not be ap- 


tion of thermal neutrons, as well as the 


dependence of o on the neutron energ 
(1) 

The absolute disintegration rate, Q 
may be expressed in terms of the ob 


served counting rate a 


The thermal activity per mg, Ayw(a 
is obtained from the measured activity 
A(x), by correcting for the fraction of 
to thermal neu 
ratios, 


the total activity due 
trons by measuring cadmium 


An additional correction is necessary to 


cadmium-covered indium (« 


plicable unless the true disintegration 
energy and decay scheme of the isotope 
are known. The quantity that varies 
strongly as a function of foil thickness 
is f,(z) 


and self-scatter in the foil 


the factor for self-absorption 


hus 


Of f(x) 


The method we used is to measure 


|The cadmium ratio is the ratio of in 


duced 


thermal + 


activity in bare indium foil (epi 


that in 
ther 


thermal neutrons) to 
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mal neutrons 





Effect of Counting Geometry 
G-M counte1 


ally employed for measurement of abso- 


The end-window usu- 
lute beta activity discriminates against 
the low-energy portion of the direct and 
scattered components of the beta-ray 
spectrum 

Now the angular distribution of beta 
particles emitted by an isotope varies 
markedly with sample thickness (6-8) 

thin samples emit betas isotropically, 
but thicker samples cause the angular 
distribution of the electrons to approxi- 
function, i.e., there is 


mate a cosine 


a preferential forward distribution 
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FIG. 4. Self-absorption correction factor for end-window G-M 
Minimum is due to soft- 


counter at 2.2 cm from backless foils. 
beta self-absorption 





FIG. 5. 


silver backing 


Self-absorption, backscattering, and photon-contribution 
correction factor for G-M counter at 2.2 cm from foils on thick 
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standard thermal-neutron 
flux, novo (n/cm*/sec) 
thermal-neutron density at 
standard energy E, = 0.025 
ev (n/cm’*) 

standard velocity of 2.2 
10° cm, sec, corresponding to 
standard energy 
atomic weight of In'! 
gm 

microscopic thermal absorp- 
tion cross section for In''® at 
the standard energy E, for 
producing 54.3-min period 
145 21 barns (/2) 


115 


Symbols Used in Calculations 


\ Avogadro's number = 0.602 
10*' atoms mole 

fractional abundance of In'! 
0.9577 

absolute disintegration rate 

per mg due to thermal 

neutrons 

disintegration constant for 


54.3-min 0.01276 


min 


period 


irradiation time (min) 
thermal activity/;mg in 
counts mg min at moment of 
withdrawal from reactor 
foil thickness (mg/cm?) 


correction factors, relating 


disintegration rate to ac- 


tivity, for win- 


dow absorption, efficiency, 


geometry, 


gamma background, back- 
scatter of mounting material, 
self- 


self-absorption, and 


scatter of indium foil for 
emitted beta particles 
fraction of total specific ac- 
tivity due to thermal neutrons 
total specific activity 
thermal-neutron self-shield- 
ing correction factor (rela- 


tive activation per unit mass) 





ise of a counter subtending 
small solid angle about the nor- 


t thick specimen, the observed 


per unit solid angle will be 
e average obtained by measur- 
all angles. This phenomenon 
vent one from extrapolating 
wption data to zero thickness 
nple unless rather complete ab- 
tion data are obtained from nearly 
ntiess specimens 
geometry. If self-absorption 
ire obtained with a 2x-geome- 
letector, the angular-distribution 
ons for different sample thick- 
ll not affect the counting rate 
1 2x counting geometry has a 
er counting yield as compared with 
Kor 
ess proportional counter with 
for which f, = fu | 


dl is the 
ment 


ekground these reasons, a 
gyeometr 


detector in these 


Counters 
used is a modified 
Nuclear Measurement Corp. propor- 
inter converter Model PCC-10 

It is a flow 


ethane mixture at atmospheric 


Ihe letector we 


counter using an 

The modification was a hol- 
iinum cylinder to support the 
This 


making measurements with 


assembly (Fig. 1). 
uta backscattering material 
pace was provided between 
and the surrounding 
to eliminate all backscatter- 
pt that from the film support- 


foil 


ium 
e most past measurements of beta 
made with end- 


have heen 
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window G-M detectors, it was decided 
ol measurements com 


of detectors \ 


Tracerlab’s 


to make a seri 
paring the two types 
standard G-M 
TGC-2, 


window 


countel 


with «a 1.9-mg/cm?*? mica end 


vas used Samples were 


placed on the second shelf, 2.2 em from 
lo perform the backless 


detec tor 


the window 
with thie a special 


il ed to hold the 


counting 
aluminum support va 


irradiated sample 


Foil Preparation 
All foils used were commercially pure 
em * 1.0 


(99.97%) indium, 1.0 em 
and with thickne 


100 mg 


ses Of SO pe/em?* to 
em From 20 mg/cm? to 100 
mg/cm?, rolled foil material was used 
or less were 
upporting films, The 
to 100 mg 
Formvar films 
The 
varied in thickness from 
For the 
foul SO pe 
evaporated 


(JO) 


Indium foils of 15 mg/em 
evaporated on 

foils in the range | mg/em 
em? were supported by 
mounted on thin aluminum rings 
Formvar films 
2.6 to 34 mg/cm 


thinnest 


very 
indium em?* to 
1 mg/cm?) the indium wa 
on thin collodion films whose 
thickness wa 


em? In 


ipproximately 50 yg 
thin foil 


poration on O0.5-mg/em?* 


one case the ws 
prepared by ey 
Pliofilm 

All supporting films were mounted 
on 1|.5-in.-diameter graphite rings (Fig 


chosen because of 


1) Graphite wa 
section for In!'* 
uitability for 
placement in the graphite moderator of 
the the 


irradiation the graph 


its low scattering cross 
betas and because of it 
water-boiler reactor used for 
Additionall 

ite used is sufficient pure 80 that no 


induced long ed contaminant activi 


ties interfered with the beta counting 
All the foils were 


mine their thicknesse 


weighed to deter 
For the evapo 
the thick 
weighing the 
after the 
For the 
thick 


nesses were determined both by differ 


rated foils down to | mg/cm 
ness was determined by 
both before and 
the 


indium 


assembly 
indium 
foil the 


evaporation ol 
very thinnest 
ence weighing and by the following 
spectrochemical technique: The indium 
volume ol Hc] 


imple 


is dissolved in a known 
A portion of the 


placed in a flame photome ter, and the 


olution is 
intensity of an tidium line 
with the intensity of the 
calibrated 
Phi 


determination of 


emi lon 
( ompared 
olu 
method 

thick 


same line emitted by 
tions of indium in HC] 
the 
af 


nesses to within 2% 


permits 


Experimental Results 
pla ing 
in the 


The indium was activated by 
it in one of the graphite stringer 
reflector of a 


reactor The 


vater-boiler 
foul 
counted alternately in the 2m 
M detector 


with and without a thick silver backing 


low 


wtivated 


pow I 
were 
propor 


tional counter and in the G 


were taken to ensure 


Dead-time 


Sufficient count 
good statistical accuracy 
corrections were made for the count in 
the G-M detector 


sary for the Jw detector 


but none sere nece 


Appropriate corrections were made 
for the backscattering effects of the film 
supports The table gives the experi 
2m detec 


bor 


includes the 


mental data obtained for the 
tor with no backseatteres com 


total 
foil with the 


pleteness this table 
measured activity of a 


stated weight, the 


cadmium ratio (see 
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col, 3), and the correction factors, R(a 
A(z) due to thermal 


correctior 


the fraction of 
neutrons, a(x) 
foil te 


he 


factor 


shielding of the 
thermal neutron 
gives the 
absorption and self elding effect 
of ] i 


on data obtained 


correction 


The curves 


The 
and 5 were obtained 
G-M counter 


placed on shelf 2 


tional counter 
nm the 
with the 
29 
window) 
Correction for 


tively 


photons 
small fraction of al 
both types of detector 
X-ra 
activated indium 
thi 


gaming and 
itom 


tion factor for effect 


tained by means of ab 


orption curve 


and the results for the 2m detector are 
given in the table 

For the G-M detector the 
to the photons were about 3% of 
total For the 


counter range wa 


due 


the 


ount 
count proportional 
the 
from the thinnest to the 


2-6% going 


foil 


corrected 


thickest 


Figures 2 and 4 have been 
for the 
Thus, these data reflect « 
betas only. 


thick 


corrected 


contributions of photon 


ounts due to 


; obtained 


Figure Sand 5 


backing have not 


for 


with silver 


photon eount 


been 


This was done to simplify the 


proce 


dure for other workers for making cor 


rections to their total counts, so that 
the absolute counting rates of indium 
obtained by dividing 


foils could be 


observed counting rates by 


nates of these curve 


Discussion 
The curves of 


for a beta emitter having 


Fig. 2 have the e 
pected shape 
two or continuou beta 


lhe 


vith increased sample t! 


more spectra 


preferential forward scattering 
ickness has ne 
effect the count since geometry 

ves only the effect 
of self absorption which increases with 


the cuse 


on 


) 


2r. Thus one obser 


the imple thickne As 
in ordinary absorption inalysis of 
beta 


teep portion of the 


lO! 


it mixture of pectra, the initia 


Cm log plot 


“rine 


main from the absorption of the 


lower-energy component. The remair 


ing portion arises from the ibsorption 
of the higher-energy components 
In! 


spectra 


there are three 
with 


In the case of 
beta estimated 
and 1.0 
28 


the 


known 
maximum energies of 0.6, 0.87 
Vey 


ind ol1&% 


with relative intensities of 21 
11 Of 


6% deviates above 


respectively 
total beta radiation 
the straight Fermi line at energies le 
than 250 key 
of a lower-energy component 

By contrast 


and 


indicating the presence 


the 
factor 
obtained 


ig. 4 gives self 
self 
with no backing 


MI detector It 


ibsorption scattering 
for indium 


with a thin-window G 


exhibits the characteristics as 


saime 
Fig. 2, but with one added feature. 


loes 


In a narrow-geometry detector, as was 


used here, there is the additional effect 
f increasing preferential scattering in 
direction with in 
imple thickness. This 

it about | 
the 


forward reasing 


produces the 


nimum cm?’ of sam- 


mg 
about 12 


Fig. 4 


cm*) 


und maximum it 
hown in 


than | 


sample 
first 
ig. 418 due to self absorption of the 
heta As the 
the preferential for- 
tends to the 


portion (less mg 


solt spectrum sample 
thickness increase 
scattering 


The 


produces the minimum 


vard increase 


count balancing of these 


Hects 


wo 


Further increases in sample thickness 
in counts due 


the 


1use an actual increase 
the 
ential 


the 


to increased effect of preter 


forward scattering However, 


ibsorption of the more energetic 
components of the beta spectra be- 
The balancing 


of these latter two effects produces the 


comes important also 

maximum 

The maximum in Fig. 4, 1.24 
12-18 mg 

in good agreement with results reported 

Pr'®, whose beta, hina 


corresponds 


occurs 


for em*. This maximum is 


f for 0.92 


Me 


beta 


to the average of the 
from In'* 

Effect of forward scattering. It 
has been shown (7) that the increased 
forward scattering with a thick sample 
geometry detector re- 


into a narrow 





Thermal-Neuvtron Measurements with 2x 


Indium 
weight 


(mq /em?*) 


0346 12,149 
0367 11,435 
0827 11,801 
325 
40 
l 8,833 
074 8,644 


10.026 
0 582 


& 86 
10. 819 
10.384 
27.408 
558 
492 
014 
06 
58 


36 
55 
69 
85 
a9 


* Obtained by extrapolation of Q/,f, t 


Detector and No Backscatterer 


5609 
5609 


00 
00 
OO 
OO 


5609 
5646 


5718 00 
926 
6153 


6263 


YG 
O05 
V0 
6944 975 
(0908 
7574 


7869 


YOSO 


8073 
8261 
8312 


B53 / 
0. 8342 


s value of Q/, at 


008 
008 
008 


O1Y 
040 
036 
O30 


OO! 

000 
OOU 
000 


O0U 
O00 
O00 
000 
O00 
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recording an activity per unit 
that is that 


observed if the detector 


twice which 


an average over all angles 
heck this point the curve shown 
6 was computed. As Fig. 6 
the ratio of small-geometry 
2r) to that of the 27 geome 


from unity at small thick 
no preferential scattering) to 
imate 2.1 at the greater foil 


€ The 5Y 
| the limits of the estimated 


deviation from 


ental error 


evidence to support the 
the shape of the curves 
the fact that the 
nearly the same; 

of sumple, both 
ibout 92° of the 
iagnified portions ol 
Phe ime self-al 
i both samples in the 
ever, the additional 


SOrp 


forward 
cle ter 
thich 


preferential 
narrow-geometr 
portant tor sample 
mi |e than '9 mg/cm 
uuld expect the same ab 


irves for both detectors for 


Effect 


rem thin amples 


of window thickness. (One 
quite complex self-absorp 

en a& narrow-geometry 
used In the present 
i relatively thin win 
and an air-absorp 
if 2.5 mg/cm? permitted this 
ft-component absorption to 
3-5 my 
cutoft 
ich that the initial portion 


0 ild not have been detec t- 


\I Ww indow been 


the energy would 


vi one would have observed 
milar to those reported in the 

ire with only a maximum 

i beta emitter with a single beta 


of relativel) 


high 
thickness 
| On the other hand if 
are multiple in nature and 


j 
ipprec iable 


energy, 


the air-window 


percentages of low 


components, very thin air-win 


thicknesses are necessary to obtain 
eful self-absorption curves, 
Because of these complexities it 1s 


Hnetter to employ Qn or 4 detectors 
with thin or no windows 


Figures 3 and 


Correction factors. 
5 were obtained with thick silver back- 
Che backscattering factor for an 


tely thin sample is approximately 
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FIG. 6. Magnitude of forward scatter- 
ing with narrow-geometry counter, ex- 
pressed as ratio of narrow-geometry 
counts to 27 counts 


1.67 for the narrow-geometry detector. 


This value of the 


backscattering tactor 


for silver is consistent with value 
quoted in the literature for compar 
tar The backscatter 
inter with simi 

1.63. These 


bee ni 


able circun 
factor for 
SAT ie 

backscatter ctors to! lver have 

corrected | count 


As the 


would 


eKne Increases 
backscattering 
for all detec 


2 and 3 and 


one 
factor to approa 

tors Phe rat 

of Figs. 4 and 5 Ow 


1.04 for both detectors 


backscattering 
factors of about 
ata 
both corrected for the 

rhe 
100-mg/em? foil t 


sample tl 100 mg/em 


pl oton effect 


eke ol 


correction to be applied to a 
» compensate for the 
effect of self-absorption ts almost 3 in 
2nr geomet The self 
correction for a LOO 
M detector 


ipproximatels 


cattering an 
self-absorption 
mg/em? foil co ( nas 
with 7% geo 


1.4 In 


an infinite sil a 


prac | applications when 


king is used for 
supporting the fi the corresponding 
correction factors are 2.7 and 1.3 
Estimated The 
that weuracy of 


include the 


errors. estimated 


errors iffect the 
the curve n Fig 2-5 


following 


1. Foil . } ( 


r¢ 


~ 


2. Counting 
ae J rro!l 
to backs y ofl 


timated = error 


timated < a % 


error, ¢ 


mating counts due 


supporting 


film, gam neutron self 


shielding, <39 


error ratio, esti- 


' 
Mitniuin 


( 


mated L.o% 
The estimate of total error based on 


c 


the above is approximately 5%, com 


puted as the root of the sum of 


(ju ire 

squares ol the individual errors 

Computed Thermal Flux 
The value ol Wf 


either of the two t pes of 


obtained with 


detectors 


may be combined with measured f, to 
yield a value for Q for the conditions 
This 


with the following results 


of our experiment was done 


Vf, 6,523 epm/ meg 
le 0.44 ~/)r 
Thus 0 


13,312 dpm/mg 


Equation | may be used to compute 
Duy Using the values of the 
eters quoted n this 
the thermal flux at LOO 


measurement for an 


param 
article to « ompute 
milliwatts at 
the position ol 
average exposure time ¢ 7.4 min 


Pir 
There are two sources of error in thi 
computation of dy» One is the un 
certainty in Q discussed in the pre 


ceding section Phe second and majo! 


source of uncertaint is in the value of 
In! absorption cro ection de which 


has a standard deviation of 15% of 
the mean (/2 


irradiated indium foul 


from measurements ot 


Seren et al. made a correction based 


m external ab orption measurements, 
for self ibsorption i) the foil on a 


rhe 


how 


non 


simple exponential busi 
of the curves reported here 


fn) the correction factor j 


monotonic with both a minimum and 


& maximum in the low-geometry case 


(b the 


self-absorption and self-seat 
correction is not linear in a 


en the 


tering 
semilog plot for « Zn geometr 
In fact, for foil thieknesse up to 20 


mg/cm? the correction may be either 


positive or negative, «e pending on the 
foil thickne Phu the 


value of ao ma beim error be 


reported 
suse ol 
ibilit ol using i 


the impo imple 


exponential type of correction for thi 


‘ omple x phe nomenon 
* * 


Thia work waa done under the a 
the U'. S. ARC on contract AT 11-1-GEN 


sapices of 
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FIG. 1. Model of completed reactor shows light-concrete shielding A, 
D, heavy-concrete shield above core B, shield-test facility C, core, thermal 
column E, and lines leading to dump and storage tank F 


Graphite 


Graphite 


FIG. 2. Reactor configuration consists of external and 
internal graphite reflectors and annular core containing 
fuel, graphite, and water 





Argonaut—Argonne’'s Reactor 


Annular core provides greatest flexibility for experimenters. 


Dump system and gas sparge increase the safety of this reactor, 


which is inherently safe due to its temperature characteristics 


By R. H. ARMSTRONG and C. N. KELBER Argonne National Laboratory, Lemont, Illinois 


INSTRUCTION AND RESEARCH iD reactor 


physics involve studies of 


temporal, and energetic distributions of — the most effective instruments for 


neutrons in chain-reacting systems and training reactor physicists 
(b) the interactions of neutrons witl 
matter For studies of the first kind be considered, since there 
the usual high-flux research reactor 


yenel ill 


not suitable. It i 


bered with massive heat-removal even when cost is not considered 


tems and permanent experimental port 
that preclude use of the reactor as 4 
measuring instrument or a flexible ifety of operation, ver 
demonstration assembly economy of construction 

On the other hand, zero-power reac 


tors have proved to be vital faciliti 


for experiments pertaining not only to tems are that an experiment per 


design problems, but also to genera formed by a student must 





tudent has done his work 


More on School Reactors 

eTwo firms to sell Argonauts. Nu vell 
cleonics 15, No. 1, R& (1957) 

eA. T. Biehl, et al. Compact, low-cost 
reactor emphasizes safety. Nucleonics 
14, No. 9, 100 (1956) 

eSmall 5-watt reactor is for teaching, 
research, Nucleonics 14, No. 10, 98 


and that a student w 


an inflexible reactor 


ment is that it be sensitive 


(1956) tive to changes in other quantities 
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problems in reactor phys 


patial have also been, almost without notice ideal 


portant that the distinctions just made fers 
» funda 
mental differences in application be etry 


encum tween high-flux and low-flux reactors 


In designing a system for uni 
ipplication in reactor physics, ease and 
itility and 
considered paramount The 


pring \ 


criteria for choosing among ¢ 
that are reasonably accurate 
thwarted istic 


original work should not be 


to changes 


hey this respect a reactor is not usually an 
system, since it is almost indis- 
criminately sensitive Nevertheless a 
is im reactor with an annular geometry of 
inside the annulus, an ideal spot 
lor testing components Such a geom- 
ilso excellent for conducting 
internal exponential experiments—a 
technique that promises much in the 
versity way of aid and comfort for the reactor 
enginee! 

Over-All Description 


been 


Argonaut is a thermal, heterogene 


ompetitive ous ind water-cooled reactor The 


design is based on an MTR type load- 


ield result ing of an annular core reflected inter- 


if the y and externally by graphite 


reu onabl I Is inherent in the core type by 


shing to do virtue of the temperature character 


Additional safety has been in 


troduced by several design features 


he major requirement of an experi In unrestricted locations the reactor 


ill operate safely at powers up to 10 


n the parameter examined and insensi kw and thermal-neutron fluxes up to 


A reliable cost esti 
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In ~10"' n/em?/ see 








TABLE 1 


Maximum power 


Maximum thermal flux 


( mass 
if core 
rator 

iternal reflector 

Icxternal reflector 

Main shield 

Shield over lattice 


ill width 


graphite) 
(graphite) 


()wer 


across flats of hexagon) 
Over-all height 

lemperature coefficient of reactivity 
Water circulation rate (max) 
Storage-tank volume 
Utility requirements 
Electricity 


Water 


Characteristics of the Argonaut 


10 kw 

10"! n/em? /sec 
3.7 kg of | 
Annular, heterogeneous 

36 in. o.d., 24 in. i.d., 24 in 
90 gal H,O + 476 lb graphite 

<x 46 in. high 

18 in high 
ordinary concrete (150 Ib/ft® 
220 Ib /ft® 


20% enriched 

high 
24 in. diam 
62 in 


72 in 


square X 
12 in. barytes concrete 
17 ft 
~7 ft 

1.065 * 10 
~6.5 gpm 
275 gal 


40 kw, 110-v a-~« 
2 gpm, 75° F 


single phase 


TABLE 2—What Does It Cost? 


& V.041 
26,771 


20 


Building additions 
Graphite 
Startup source (Sb-Be 
Heat exchanger 175 
Pump 135 
General piping, valves, tank 3,504 
1350 
1545 
1,876 
1,053 
2,830 
.200 
15,000 
5,650 
2,011 
$76,690 


Reactor vessels 
Shielding 
Control units 
Structure 
Fuel assemblies 
Shield-test facility 
Electronics and instruments 
Loading mechanisms 
Miscellaneous 
Total 
Argonaut building, slab, and 


foundation $20,670 





for University Training 


building is $100,000 


lists the essential character- 


mate including 
Table | 


Figure 1 shows a model of 


the reactor, and Table 2 is a cost 


breakdown 
An annular geometry offers 


to conduct 


more 


iume in which experi- 
This is at the 


of a large critical mass since the 


ents than other types. 


upe is fundamentally a leaky one. 
wever, since 20%-enriched uranium 
being released in generous quantities 
is felt that 


ritical mass is important only in the 


for research purposes, it 
vay it affects safety and operation, not 
1 prime consideration. 
Che design has been developed on a 
t-yourself philosophy. It requires 
imum of skilled personnel for 
on and tryout. Low cost figures 
ilt from designing wherever possible 
ise standard, off-the-shelf 
Basic design of Argonaut stemmed from 


the KAPL TTR NTR (1). 


items. 


how 


Mechanical Design 
Che Argonaut assembly is a graphite 
The 


two concentric 


ith a central annular core. 
lus is formed by 


im tanks In its 
il graphite reflector that can 


center 1s a 


ed and replaced by a portion 
ice assembly for internal expo- 
The top of the 


tor kept free of mechanisms s0 as 


experiments 
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to be accessible for loading fuel assem- 
blies, insertion of experiments in the 
central reflector, and possible installa- 
tion of external subcritical assemblies 

A total of 22 experimental ports are 
available. Five are in the central re- 
flector as shown in Fig. 2. Against one 
face of the graphite cube is a graphite 
5 ft wide, 5 ft long, 
t ft high This has 15 
horizontal experimental ports. Ordi- 
blocks are stacked 


against the two adjacent faces, each of 


thermal column 
and Vig. 1) 


nary concrete 
which has one experimental port 
Opposite the thermal column is a 
flat-bed truck, on which is 
mounted a water tank 
that is 4 ft wide, 6 ft long, and 3'4 ft 
high It is de 


with an 


mobile 
removable 
igned for shielding 
studies medium, 
When it is removed 
be stacked on the truck bed for testing 
A hand jack is provided to move the 


Aqueous 


solid materials can 


truck toward the lattice and away 


Core 
The core annulus contains fuel ele 
The 204 


12 clusters 


ments graphite and water 


fuel plates are arranged in 
of 17 plates per cluster Moderation 
is provided by graphite segments be 
tween clusters and water between fuel 
The graphite 


with 


plates in each cluster 


segments —waterproofed Krylon 


aluminum paint-—are hung with alumi 


num mounting brackets from the edge 
of the aluminum outer reactor vessel 
Fuel plates are as shown in Fig. 3 
They are made of 20%-enriched Ug. 
matrix 


suspended in an aluminum 


By the use of a box jig they are easily 
assembled in clusters and secured by 
aluminum screws 

An antimony-beryllium source pro 
startup. It 
sists of an antimony plug in a beryllium 
cube that into the reflector 


zone by an electric drive when it is to 


vides neutrons for con 


is moved 


he used It produc es 10® neutrons / sec 


Water System 


A water-circulation system serves 


for heat removal and also, by means of 
a quick-dump arrangement and a gas 
sparge, for safety shutdown 

Figure 4 is a water-system diagram 
and Fig, 1 shows location of the pipes 
Tap water flows into a 5-gal/hr labora 
tory mixed-bed ion exchanger and then 
to the aluminum dump tank to supply 
the This 


through the tube 


cooling water for reactor 
cooling water flows 
the heat 
separate circuit provides cooling water 
for the shell of the heat 
Flow through the shell is 


actuated 


section of exchanger. <A 
exchanger 
rate con 
trolled by a solenoid valve 
by thermal switches in the reactor out- 
let line. 


Only about 125 gai ol makeup water 
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Is necessary to operate tl 
graphite is used in tl 
annulus, Iextra tant 
able in case the expe 
remove the central g 
the inner aluminum 
tute an entirely diff 
own design 

The tank has ar 
opening in the top for 
paratus when thi 


let feeds 


suction 


through 
side of a 
centrifugal pump* 

against a 14-ft head 

pump is connected thre 

ble flow-control valve ar 

to the tube side of a stan 

and-tube heat exchanger? 

From the heat ex: ‘ 
the stream passes through a heater 
the the reactor he 


heater provides moderator-temperature 


of surface 


inlet of tank 


It is energized | i series of 


control 


thermal switches and a snap-action 


controller in the reactor outlet line 

vard through 
the reactor, over a weir, and back 
the tank It level 


monitored by two safety float switches 


Coolant is pumped up 
into 


main dump 


* Eastern Industries Model WA 
t Ross Heater Div American Standard 
no, 301-2, 34,000-Btu /hr rating 
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7 © ~ ~Heoter (Skw) 
“=Heat exchanger 
(34200 Btu/hr) 


Butterfly 
volve 


Check voive 














Flow~ control 
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ae Ae 


a ™’ 











storage tonk 








Pump : 





Overfiow 








To floor drain ¥ 


FIG. 4. Flow diagram of water and gas-sparging system 


Fuel assembly is cluster of 17 aluminum 


one to indicate when the water ha 


reached the operating level and one to 


top the pump if the level becomes too 
Tar 

Cooling b natural ection 
me ible at 


losed 


heat 


eon 
The 
olenoid valve between tank and 


the 


low power normall 
exe hanger 


vater le 


opens, dropping 
vel and permitting circulation 
through the shorter circuit 

Emergency shutdown. Two com 
pletel pro 
ided hutdowns \ 


dump line empties the coolant-moder 


independent systems are 


lor emergency 
itor into the dump tank. Simultane 
ously a nitrogen sparging system intro 


duces bubbles to reduce moderator 
density 


Welded to the bottom of 


reactor tank is a 6-in, aluminum dump 


the main 
line that leads to the dump-and-storage 
tank. The line passes through a 6-in 
rubber-lined, electrically operated but- 
terfly valve that is normally held closed 
by a magnetic clutch If the clutch is 
de-energized, a weighted lever arm 
opens the valve and empties the water 
into the dump tank. 


to open the valve is ~78 in.-lb 


Torque required 


The supplementary safety system 
introduces nitrogen through a series of 
5-micron porosity spargers. The gas 


passes through a quick-opening valve 


plates with dispersed U,O 


to produce a rapid decrease of moder 
The iis 
using the 


to hold closed a 

Shielding 
The 

lattice 1s 


itor density ystem is made 


fail-safe by nitrogen pressure 


l-in. moderator drain 


the 
shielded by a 5 & 5 & 1-ft 
concrete-filled steel box A 3-ft-diam 
directly 


in this plug are 


area direct ibove cub 


ete! tepped plug is located 


over the core, and 


maller plugs for the insertion of fuel 
materials into the 
All 
In high-power experi 
bricks of ordinary 
the 


onerete shield as shown in Fig. | 


issemblies and test 


central column plugs contain 


concrete 


additional 


hea 

ment 

heavy- 
For 


3-ton 


concrete will supplement 


moving shielding components a 


jib crane with a 15-ft boom are is 
ided 

Shielding above the lattice and the 
mobile truck ts 


tural 


proy 
supported by a struc 


assembly made by bolting to 
flanged aluminum beams 
5-ft 5-ft x 


aluminum plate is bolted over the lat 


gether 6-in 


In addition a Log-in 


tice, and several 6 6-in. wooden 


are laid side by side above the 
shield-test tank These 
an adequate structure that can be dis- 


beams 


pleces form 


mantled and reassembled with simple 
tools if it is desirable to move or modify 
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On the 4 columns 
is 10.000 |Ib/column 


1.700 |b/col 


inner 
and 
he 2 outer ones it is 
Maximum bending stress on the 
is 7,000 psi. Aside 
umn loads the floor loading 


t? 


4) DeCAMS 


Instrumentation 


he reactor is operated from a con 
the following stand 
on: 2 strip-chart re 
nuec-amplifier period 
d-c linear-ampliher 
counting channels 
both with sealers 
| pulse-height di 
irea gatinina monitors 
itch for startup 
eactor is inherent! 
ontrol problem ha 
ip, elective 
mn This j 


the top 


econad 
eom 
to leave 
uberitical assem 


lactory control 
ind tested before 
made 

tem currently used is 

onsisting of a small 


through a 


| ner 
id ope 


utch and brake t 


ating 
oO a steel 


cable moves a 7¢  7-1n 


that contains cadmium 


raining reactor a startup pat 
loes not require unusual skill 
training for mastery is highhy 

For Argonaut 


has been designed 


4 sequential 

nterlock 
he operator must bring the 
itical in a specified manner. 
controlled through 

witch If a step 
in interlock not satisfied 


cannot go on to the next 


ition 


elector 


rotary startup switch 
he following 9 positions in 
listed: source, safety rod 1, 
«1 2, safety rod_.3, dump valve 
shim rod control 


evel coarse 


fine control rod 


Safety 
| vidition to the previously dis 
features that have been 


ed ilety 


t into the water system, Argonaut 
inherent safety in the temperature 
characteristics of its core. The group 
uch inherently safe reactors includes 
the Materials Reactor 
Borax at Arco and the Low-Intensit, 


and the Bulk-Shield 


Testing and 


Testing Reactor 
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Experiments with Argonaut 


With the standard 
periments: 


PILE-OSCILLATOR MEASUREMENTS and 


central column. 


Argonaut system one can perform the following kinds of ex- 


danger-coefficient studies in the 


EXTERNAL EXPONENTIAL EXPERIMENTS on the top or side of the system 


(10° thermal neutrons/cm’/ sec). 
CRITICAI 
ometries and concentrations. 


MASS DETERMINATIONS 


on the annular core with various ge- 


FUEL STANDARDIZATIONS and instrument calibrations in the various irradia- 


tion spaces. 


SHIELDING STUDIES in the shielding tank. 
IRRADIATIONS of fuel elements to get internal flux distributions, etc., in the 


thermal column. 


Test Facilit Ridge SOTUN 


tests have d onstrated that in reac 

tors of tl 

nuclear runaw 

cults 
With norm 


ple failure of sa device 


are ino 
madings multi 
could pet 
mitanexcur vould be termi 
nated automat by the increase of 
moderator volt oid formation 
without 
to the en 

The onl dangere 


we can concs ‘ vould 


iny release ion products 
ironment 

tuation that 
occur if a large 
mass Of reactive material were dropped 
into the intern thermal column with 


Thi 


Irom pre 


fuel in the annulus and water up 


could tem only 


accident 


meditated fol] ince standard proce 


dure of unloading the annulus and 


dropping the water while making an 


internal change is enforced by multiple 
interlocks and made convenient by the 
system design Phu the 
system of Argonaut | ile 


takes only mi 


nue leat 
if the user 
against 


nimal precaution 


grossly unsale practice 


Operating Personnel 


Competent personnel are required to 


supervise Argonaut operation, Ini 


tially, of course, onl people with previ 


ous traming in existing installations 


would be competent supervisors, al 
though such training ought to be an 
phase of student 
Argonne has 
ist 


operator 


activity 
that 


important 
experience at been 

can be 
after 
students 


an experimental pl 
checked 


about four 


out as a pile 


montl training 
working with an Argonaut can proba 
four to Ix 


bly * trained in about 


months depending on their skills Fur- 
ther 


School of 


experience at the International 


Nuclear 
yield more information 


Science and Engi 
neering should 
on this 

has fol- 


The operator or supervisor 


lowing responsibilities 


1. Monitor 


vices must be checked « 


trip ma ilety de 
perationally for 
proper function If these devices are 


not working proper! the responsible 


person must have iuthorit to shut 
down the reactor until nece il re 
pairs are Diack 


2. All ex 


be re it wed ¥ 


proposals must 
fet 


perimental 
ith reward to the 
taught 


and all experimenter must tn 


ale operation 
3. Check 


ire being ilel 


must be made that « sper 
ments performed 


An internal exponential experiment 
Argonaut into 
Hence 


ubjyected toa ep 


convert a much differ 


ent reactor ich experiments 


must be irate sale 


guard revie uni the liffer in only 


minor respect from previously tested 
tems 
Part of the ifet program is the 


provision that the exee reactivit 
built 
that all 


responsible person The 


into the lattice be limited, and 


fuel be under control of one 
interlock and 
entional design 


ol con 


trip circuits are 
for research reactor vith a few novel 
additions Chief 


measurement of the 


imong them 1 tt 


ource-flux multi 


plication prior to raising the shim rod 


for crticalit rh prevents intro 


ducing too much exce reactivity into 


the system at the 


beginning of an ex 


periment A burglar alarm prevent 


personne! from working on the top of 


the reactor when it is operating 


* * * 


This article ia.a compilation of work done by 
the Argonaut group: D. H. Lennox, project 
Keweradorf 


elep, and 


engineer, Rh. H. Armatrong, I 
( NV. Kelbe W. H. Koll { 
B. I. Spinrad, with the genero 
the other divisions of Argonne N ational 
Laboratory The help of Rudi Yu Tung 
Yang ta particularly appreciated 


use Gaeeialance of 
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Krypton-85 Source 


mproves 


Industrial Thickness Gages 


By W. EVERETT SWIFT 


The Forbora Company Foxboro, 


THE USE OF KRYPTON-8S5 as a beta 


source in industrial thickness gages sub 
stantially improves the signal-to-noise 
ratio of these instruments. A recent 
(1) indi 


cated that the signal-to-noise ratio was 


survey article in NucLEONICS 


an important factor in the performances 
of automatic thickness control systems 
but listed only strontium-90 and thal 
lium-204 as 
only published reference to the use of 


source materials The 
krypton-85 is in the English literature 


(2). 


Signal-to-Noise Ratio 
Figures 1-3 illustrate the improve 
ment in signal-to-noise ratio obtained 
witha krypton-85 beta-gaging source 
They illustrate statistical noise only, 
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FIG. 1. Comparison of beta gage re 
sponse when source strength is adjusted 
by an opaque shutter to give the same 
ionization current at no-absorber, mid 
point position; 1.6-mg/cm’-absorber is 
inserted; amplifier sensitivity is fixed 
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because the other noises that are inde- 
pendent of signal strength are difficult 
to demonstrate, but respond similarly. 
The charts are photographs of ink re- 
cordings of the output of a beta gage 
a8 variations are introduced in source 
The deflection to the 


right in each case is a measure of the 


and amplifier 
response when an absorber, 1.6-mg/em? 


plastic film, is inserted between the 
source and the detector 


The 
in Fig. 3b is due in small part to the 


over-all improvement shown 


greater absorption of the lower energy 
beta rays, as indicated by comparison 
of Figs. 2a and 2c, but in greater part 
to the 
strength for the 


increase in effective source 


krypton sources, 
toughly, as measured by an ionization- 


chamber-type survey meter, the effec 
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FIG. 2. Comparison of beta gage re- 
sponse when ionization chamber current 
and absorber are the same but ampli- 
fication is increased for Sr’’ and de- 
creased for Kr°® to give same signal 
magnitude as TI*** 


tive strength of a Kr** source is three 
times the strength of a T]*% source. 

Although Tl? sources of approxi- 
mately the same strength and size as 
the Kr*®* sources could have been made, 
it would have required material of very 
high specific activity, upwards of 200— 
300 mc/gm, which is not always avail- 
able. Also, the cost of the activity 
would be appreciably higher. 

The effective strength per unit area 
of thallium beta-ray sources is limited 


With the 


high specific activity of even 


by self-absorption. enor- 
mously 
the relatively dilute Kr*® (about 5% of 
the total krypton as supplied at pres- 
ent) very strong fields of beta rays are 
easily obtained. 

The relatively long half-life of Kr** 

10 yr), compared with 4 yr for T1*, is 
an attractive feature to the designer of 
It not only 


increases the useful life of the source, 


beta-gaging equipment. 


saving replacement cost, but it reduces 
the frequency ol recalibration necessary 
to maintain a given standard of accu- 
racy In an instrument, 

Despite its longer half-life, 25 years, 
the apparent decay of a strontium-90 
source is greater than that of krypton- 
85. By apparent decay we mean the 
thickness of material in mg/cm? which 
by absorption would cause the same 
attenuation of the betas as would 
occur in a month by radioactive decay. 
This tabulated in the 
table. It provides a measure of error, 


in terms of thickness of material, in- 


quantity 1s 


troduced by radioactive decay in one 
month. Calculation shows that kryp- 


ton-85, with a lower energy and 
higher absorption factor, has a lower 
ipparent decay than the longer-lived 


strontium-90. 
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irces can be made in almost 


iriety. The only require- 
that the container be leaktight 
hin window to permit a beam of 


Windows 


nickel, monel metal 


wiation to escape, 
ess steel 
other corrosion-resistant metal 
thick, can be at- 


seam welding, brazing o1 


0.0005-—0.002 in 


ng, to a heavier metal cup or 


pe of thin-walled tubing can be 


iuse Kr*® is a gas it is easy to ad- 


yurce strength during the filling 

ion. The capsule is evacuated, 
i radiation measuring device is set up, 
krypton is allowed to bleed in until the 
equired strength is reached, and the 
tubulation is pinched off and solder- 


ealed 


Radiation Safety 
Perhaps the most attractive feature 
of Kr** as a beta gaging source is radi- 


ition safety. Krypton is a gas at all 


normal temperatures. In case of a 


leak, the word “‘spill”’ is hardly applica- 
ble, since the gas is quickly dissipated 
into the atmosphere and would not be 
expected to contaminate the hands o1 
olid objects 


n the metabolism of the human body 


Krypton has no place 
0 its biological half-life would be short 
seing a noble gas, it forms no chemical 
compounds that could retain the activ- 
ity in solid form. There are no radio- 
active daughter products except a small 
percentage of Rb*, half-life ~10~° sec, 
which is of no practical consequence 
Of the many other isotopes of krypton 
that are originally present in the fission 
product mix, none have 
laughter products 


Although almost no published infor- 
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FIG. 3. Comparison of response of 
complete commercial weight recording 
* and Kr"® sources 
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instrument with TI’ 


troublesome 





Pertinent Characteristics of Three Beta-Gage Sources 


Half-life* (yrs 
Principle beta 
energy* (Me 
l Jecay rates] 
apparent 
(mg /cm*/mo 
Half thickness 
in Al foil? 
(in. XK 10 
Absorption 
relative to T! 
Stray field 


-radiation 


Large 

None 

Bremastrahlung Appreciable 

Available specific Carrier-free 
activity* (me/gm 

Price® (8/me 0.50 

Low 


20-500 


Self-absorption 

Thickness range 
(mig em?) 

Source preparation Elaborate encapsu- 

lation procedures 

Low 

High toxicity 


Loss in window 


Safety 


* From Radioisotopes Catalog and Price List, ORNL (1956); 


purchased 


t Expected rate of drift in apparent weight per unit area due to 


for method of calculation 
t Approximate experimental values 


Kr 


10 
0.695 


23 


Small 
None 
Low Low 

150,000 ~ WO 


Small 
0.6% 


5.00-0.75 
High 
0-90 


0.05-0.015 

Low 

0 8O 

Strength and shape Electroplateable; 
strength adjustable 
50% 


Some ingestion 


easy to control 
HOY 


No ingestion 


mil stainless mil stainless 


problem hazard 


depend on quantity 


prices 


ource decay; see p. 06 





mation is available on the radiological 
health 
thought has been given to the subject 
by health physicists at Oak Ridge. In 


aspects of Kr**, considerable 


personal conversations these authorities 
indicated that external exposure due to 
contamination of the atmosphere with 
Kr*® would be the major consideration 
rather than inhalation or ingestion of 
They estimate 
beta 


Se@TLIOUs 


the contaminated air. 
that 
gaging, 5-50 me 
hazard in large, well-ventilated rooms 


sources commonly used in 


present no 


even in case of rupture 

The safety factor is further enhanced 
by the fact that source loss would most 
probably be by a slow leak, in which 
case the activity would be dissipated by 
air currents and produce no appreciable 


Moreover 
would quickly 


concentration a leak, even 


a relatively slow one 


cause a loss of calibration of the beta 


gaging instrument, thus providing a 


very sensitive automat warning 


system, 
For a source manufacturer, Kr** is a 
handle 


very satisiactor maternal to 


An exhaust hood over the working area 
There 


is no costly lost time or equipment con 


provides personnel protection 


tamination from spills that interrupt 
production with other forms of activity 
Scrub, wash and wipe tests have no 
significance on Kr*® sources Simpler, 
less costly and faster test procedures 
may be authorized. This would speed 
delivery to impatient customers 

No special mention has been m ude of 
the 0.65% of 0.54-Mey 


ation that is produced by Kr’ 


gamma radi 
ince it 
does not appear to be more trouble 
some, in the source strengths used, than 
the 
typical Sr*® source 


The table 


properties ol 


Bremastrahlung produced by a 


ummarizes the 
three 


pertinent 


ources useful in 


beta gaging 
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FIG, 1. 


plant for segregating units in process 


Typical cubicle in Thorex pilot 
line. This view shows bottom section of 
partitioning column 
were completed, paper tags, ladder, etc., 


After column tests 


were removed and front of cubicle sealed 
with blocks 
blocks are discarded when removed 


concrete Contaminated 


DimeeTLy MAINTAIN 
processing plant ire 
by conventional meat 
essing equipment t 
safe working level 
contamination can be 
plant contains built-in dec 
equipment and the operating 
have effective reagents ane 
Processing equipment 
when emerg 
hutdo 


cheduled 


contaminated 
Is necessary or fu nfior prevet! 
tive maintenance | Mult 


(capable of procs ing 


purpose plant 
several fuel type require equipment 
cleansing when feed materia ire to be 
changed, This permits equipment 
modification to accommodate 

dual fi 


ninate the 


fuel and removes re 
that can 
process solution 

The 


plant wide or a few piece 


ucts conta 


extent of decontamination 

of equipment 
and the final radiation levels to be 

achieved depend on the time required 


by maintenance install o1 
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personne! to 


ntamimating 


Decontamination 
of Processing Plants 


Good planning—built-in decontamination system, 
minimum of contamination traps, and effective 
procedures—saves time and personnel exposure in 


directly maintained plants. Thorex and Purex ex- 


periences show the practicality of this philosophy 


By G. S. SADOWSKI 
Chemical Technology D 


Oak R diye lenne 


epal equipment or the requirement decreuse from one end of the 


forchanging toadifferent feed material plant to the othe Only 
hor ¢ 
urs that ma‘ 
only the equipment in the immediate iftsmen from 
icinity of the failure would be 
ufficiently to allow the re | 


equip nt 


imple it a Tred hanical f uilure on requiring emerge repair 1s adecon 


inated: shielding 


take | or 2 hr to repa tal protects the 


contaminated equip- 
deco! ment 

taminated wh tank in the plant is equipped 
time If extensive 


to bn 


quired working th one or two internal jets (Fig. 2 


equipment alterations are mace for spraying decontamination solution 


the entire plant would be decontar Dh 


nated to allow 


olutions are prepared in makeup 
in the taunt ibove the cell Fig. 3 


4 


S-hr working time and di 


tributed to the proce tanks through a 
helow the 
imkeup tank hig } The 


ind cell walls can al 


inel above the ce and 


cubicle 


Design for Decontamination 


0 be sprayed with 
A directly maintained plant require 


lecontaminating reagents through 


equipment segregation, decontamina 


d-cone spray nozzles 
tio sf ipment re 
n oe a equipmen in All process equipment is constructed 
trict control of radiation exposure ol! tainles steel and the 
Maintenance personnel l { the il le 1 cell ure 
OO of the cubic ind cells ¢ co 


d with thin yuye stee| \ 
40) ons is segrey “l either : 
lutions | egregated either a iin line from each cubicle to a central 


walls and 


Proce 


retive 


equipment containing radio batnls 
titi os 


y or as a group of closely re 
ingle units or as & group ol ely ump carries off reagents 
ited units according to function and 
ictivity level In the Thorex 
plant at ORNL, the cell which are 


concrete-walled 


Vessels are designed so that solutions 
ot post 
pu here are few 


ot her 


can be removed easil 
crack crevices, flanges, and 


VM hie hy 
held 


rooms in series along 


traps ww radioactive particles 


the length of the process building, are might be 


further subdivided into cubicles b 


concrete- or lead-block walls quip 


Decontamination Procedures 
ment is placed inside the cubicles and 
enclosed with a removable front face 


stacked blocks 


Each cubicle is accessible from a low- 


An important phase of decontamina- 


of loosely Fig. | tion is to shut the plant down properly 


rhis is to recover all valuable material 


radiation area k.qguipment is arranged held up in the process equipment and 
1 | 


o that the activity level in the process vent the displacement of fission 
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t to downstream equipment 
vi vould overly contaminate the 
nent During shutdown, proc- 


vents that might precipitate de 


ition reagents are removed 
ternative is to use a decontamina- 
nt that is compatible with the 

ent 
Le ntamination temperature ol 


60°-85° C for 0.5-1.5 hr with agitation 
et ifficient in most cases The 
tterns for the reagents should be 

to obtain the maximum reuse 


ts and permit simple solution- 
fe procedures teagent flow 
ne vessel to another should be in 
on of higher radiation level 


lecontamination is evaluated 


ition survey of the equipment 
efore and after treatments, the survey 
e planned carefully to obtain 


If possi- 


survey should be 


nd consistent data 


t Ininary 









pecihc locations for future 
ments should be determined 
urements should be taken 


me at these same locations The 
F irveyors should be trained to be con 
entious and accurate, and the instru 
ould be accurately calibrated 
I particularly important for 

eY jobs 
The bulk of the activity 1s removed 
provided the activity is 
ot trapped in blanked lines or crevices 
| example, the feed-adjustment tank 
the Thorex plant is installed inside a 
ye open-top container that is not 
ed with decontamination equip 
ent Decontamination of this tank 
ilt because activity is retained 
The tank itself can 
e decontaminated in five treatments of 
(0% HNO, alternated with five treat 
NaOQH-2%-Na-tartrate 


it the external container requires 


1 the ontainer 





te of 06 
ZU", 


re decontamination to remove 


t tivity In another plant, an 
rator for the aqueous waste 
tre from the extraction column was 
t impossible to decontaminate in 


ecause activity was retained in 


ff lines from the evaporator 


Plant-Wide Decontamination 
Most lant-wide decontamination 
standard pattern. Afte 


tive feed to the extraction sys 





ned off, nonradioactive feed 
U in a Purex plant and Th in 


} 


; tar f 


em oO iluable materials, after 






the aqueous and organic streams 


plant) i pumped to deplete 


FIG. 2. Jet circulation system for de- 
contamination mounted inside proc- 
ess tank. Jets are mounted on 
steam-supply line that is welded to 
flange plate over 8-in. inspection 
nozzle. Decontaminating solution is 
picked up by jet suction line from 
bottom of tank and is discharged 
through spray nozzles. Solution is 
sprayed to top of vessel with suffi 
cient force to flow across entire top 
and trickle down walls 

























FIG. 3 


FIG. 4. All decontamination lines from cells terminate at this 
Steam, water, and solutions are routed to cell vessels and 
cubicle sprays by plugging feed lines to proper nozzles. Quick 
disconnect couplers are used; both halves of coupler have spring 
loaded check valves that seat when coupler is disconnected 
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Jet steam in —ec—= 


Solid-—cone 
spray nozzies —, 


Cooling water 
in -—-.e 


Steam in i] 


Decontamination-solution makeup tank is on roof over cells. Solu 
tions are dropped by gravity through decontamination panel to cells 
Each makeup tank is equipped with solution-addition funnel, agitator, heat- 
ing coil, and purge-type liquid-level and specific-gravity instrumentation 
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ai 
Pe 


may be continued without feed to de 
plete the system of natural uranium o1 
During thi column 


thorium, period 


operation must be carefully controlled 
to prevent the displacement of inte: 
columns to down 
The 
then flushed with water or dilute nitric 
acid to remove particulate matter 
After the equipment is 
all solution, decontamination 


facial solids from 


stream equipment tem | 


emptied of 
solution 
are introduced and the equipment 

After 


Con 


contacted according to plan 


five to ten passes of reagents have 


tacted the equipment, the 


equipment 
may be decontaminated sufficiently for 
the 
levels of the equipment and to pin 
In this 


treatments 


surveyors to measure radiation 
point localized contamination 
manner, decontamination 
can be applied where most needed 


After the equipment i 
down, operators enter the process cells 


prayed or hosed 


to scrub the localized contamination on 
external surfaces of equipment, wall 

If further treat- 
ineffective in 


and floors. internal 


ments are decreasing 
localized internal eontamination, 3-20 
reagent (4%-HF-20%-HNO;) may be 
the 
shielded with lead 
the result 
wide decontaminations 
Thorex pilot plant (2). After ap 


proximately 3 tons of highly irradiated 


used or contamination may be 


Following are of plant- 


thorium metal had been processed in 
the Thorex plant, the plant was shut 
down, cleansed of uranium and tho 


rium, and decontaminated (see Figs. 5 


and 6). Twenty-four major pieces of 
equipment in three process cells were 
decontaminated in 19 day 


Before decontamination was begun 





Effectiveness of Decontamination 


Radiat 


on level 


Before 
decontar 


Cell 


nation* 


Feed preparation 00-1000 O.050 


Extraction column 100 0.035 


Cell It 


Solvent recovery 


O.085 
0.030 
Acid recovery 0.020 


* Readings taken in Purex lant 4 f 
above floor and 6 ft in 

t Contained first-cy« 
stripping colurmnas and assoc 


and second U and Pu « 


ited equipr 
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These Reagents .. . 


Over a period of several years, experience in various ORNL pilot plants has led to the 
following generalities: Nitric acid (30%), oxalic acid (10%), and mixtures of caustic 
and oxalic acid or tartaric acid are the most all-around useful decontaminating reagents. 
The most efficient reagent of all is 3-20 (3°%-HF-20%-HNO,), but it is used as a “last- 


resort” reagent because of its corrosiveness (3). 


Citric acid, periodic acid, ammonium 


bifluoride, and versene are typical reagents that were tried and found to be less effective 


decontaminants. 


. . » Which Satisfy These Requirements .. . 


Mildly corrosive to process equipment 


Stable to heating and aging for several hours 


Inexpensive 
Neutralize one another 
Allow convenient waste disposal (2) 


. . Were Used for Decontaminating Stainless Steel 
Radioactive contamination on stainless steel either is absorbed on the surface or does 


not penetrate very deeply, and a large part of it may be easily removed. 


Decontamination 


methods usually involve one or more of the following: detergent cleaning, forming a 


soluble complex of the contaminant luti 





of the contaminant in strong acid, and 


removal of the surface by physical or chemical means (3). 
When caustic-tartrate solutions are alternated with nitric acid (e.g., 20%-NoOH-2%- 


Na-tartrate is alternated with 30% 


HNO, in the Thorex pilot plant), the alkaline 
solution forms a complex with contaminants such as zirconium and ruthenium. 
ever, the steel surface becomes passivated after about 4 hr. 


How- 
The acid treatment removes 


the passivity (also dissolves activity) and prepares the surface for further decontamina- 


tion by caustic-tartrate solution (4). 
steel surface along with the contamination. 


the equipment was subdivided into 
eight groups, and flow patterns were 
established foreachgroup. The group 
were: dissolution and feed adjustment 
feed pumping, extraction column and 
associated head pots and tanks, pa 
column, column 


titioning stripping 


rework system, solvent recovery and 
recovered solvent storage (lig. 7) 
added to the least 


radioactive vessel in a group and tran 


Solutions were 
ferred to succeeding tanks of highe: 
radioactivity. Side transfers of rea 
overflow 
The 
solutions were allowed to recirculate in 
each tank at 60°-S5° C for 1 hr 
Vessels 


jets were heated by steam jackets, and 


gent were made to contact 


lines, auxiliary jets, and piping 


mini 


mum without recirculation 
the solutions were agitated or sparged 
Columns were pulsed 

The feed preparation and feed pump 
ing equipment decontaminated 


from 1001 


was 
hr (estimated) to 75 mr/hr 


background (radiation measurements 
taken at about the middle of the cubi 
cles, 1-3 ft away from the equipment 
The extraction column, rework system, 
miscellaneous-waste-collection 
from 100 
back 


ground, and the partitioning and strip 


and 
tank 


r/he 


were decontaminated 


(estimated) to 75-mr/hi 
ping columns, the thorium and uranium 


product-handling equipment, and the 


system reduced 
10 r/hi 


dissolve I 


solvent-recovery were 
hr from 2 


the 


to 10-m1 


except for which 


Of course, more corrosive reagents remove the 


required twenty treatments, the feed- 
preparation and feed-pumping equip- 
ment required five treatments of 30%- 
HNO, alternated with five treatments 
of 20%-NaOH-1%-Na-oxalate For 
treatment, 900 liters of solution 
The 


system, 


each 


were used, extraction column 


rework and miscellaneous- 
waste-collection tank were decontami- 
nated with four 30%-HNO, treatments 
alternated with four 20%-NaOH-2%- 
Na-tartrate treatments (700 liters pet 
The 


decontaminated 


treatment). remaining equip- 
two 
30 %-HNOs treatments and two 20%- 
NaOQH-1 %-Na-oxalate (or 2%-Na- 


citrate) treatments 


ment was with 


The effluent reagents from the equip- 
ment were analyzed Pa removal ap- 
peared to limit decontamination of the 
feed system, both Pa and Nb removal 
appeared to limit decontamination of 
the partitioning and rework systems 
and Nb to limit decontamination of the 
stripping and solvent systems. 

A total of 160 


were used, requiring 480 hr for solution 


reagent treatments 
addition, heating, cooling, and transfer 
Only half the normal operating force 
was utilized. If the full crew had been 
utilized, it is estimated that the 19 days 
for decontamination would have been 
halved and the average contact time 
reduced from 3 to 1.5 hr. 

The cost per treatment was $222, of 
which $81 was for labor, $14 for mate- 


] 


rials, $66 for analytical services, and 
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r overhead, Thus the total cost small pieces of equipment, such as jets, nance or equipment modifications 
was $35,520. centrifugal pumps, valves, and short The following two examples are typical 
Purex pilot plant. After about 150 sections of piping, were removed from of emergency decontaminations 
days of operation, processing irradiated — the cells when further treatments were Feed-preparation equipment. To 
uranium metal, 40 pieces of equipment ineffective. These items were decon- alter a vapor line from the feed-adjust- 
in four ceils were decontaminated. taminated piecemeal or discarded if ment tank (8-2, see Pig, 5) to the acid 
This program was conducted simi- the estimated cost of decontamination fractionator (5-9), the equipment in 
larly to the Thorex-plant decontamina- was greater than replacement. two cubicles in the Thorex plant was 
tion. The 3-20 reagent was judged to This program was much more devel- decontaminated in 8 days Had it 
be the best decontaminant for stainless opmental than the Thorex decontami- not been for the activity held up in the 
stee! (types 347 and 309 SNb) and was nation program, being conducted at a container around S-2 tank, decontami- 
valuable in removing the last 5-10% slower pace. Also the Purex planthad nation could easily have been com- 
of the activity on contaminated equip- more equipment at higher radiation — pleted in half the time 
ment when other chemicals were in- levels than the Thorex plant. Except The internal surfaces of 8-2. tank 
effective. The corrosion of sound for feed-preparation equipment, the (450 gal) were decontaminated in seven 
stainless steel was apparently not sig- equipment did not have internal sprays. treatments (700 liters each) with 30%- 
nificant; however, faulty welds that Consequently, 75 days were required to HNOs and five treatments with 20% 
had resisted concentrated nitric acid decontaminate the plant. Approxi- NaOH-2%-Na-tartrate. (Five treat- 
failed quickly when treated with HF mately 6,000 man-hr of operator labor ments of each would have been sufli- 
solutions. No tanks were affected, but was expended, and maintenance sery- cient. Activity from the container 
several small-diameter pipes had to ices, for cutting and removing lines, obscured the radiation surveys.) The 
be rewelded due to attack at the welds. removing and replacing jets and valves, container was treated with five 30% 
Internal sprays were effective in re- loosening flanges and welding, cost HNO, and four 20%-NaOH-2%-Na- 
ducing the volume of decontaminating $2,500 for labor and materials. The tartrate treatments. The final radi- 
reagent required. Tanks with sprays cost for chemicals was $5,400. The ation level in the cubicle was 300 mr/hr, 
were cleaned with the use of approxi- initial and final radiation levels are The feed tank, acid fractionator, ex- 
mately one-half the total volume of — given in the table traction column, and aqueous-waste 
wash required for comparable-sized ' : surge tank were decontaminated in 35 
tanks not equipped with a spray. Emergency Decontamination min working time, The feed tank re- 
All large equipment was decontami- The operating crews in both the quired three acid and two caustic-tar- 
nated in place except for a reboiler that Thorex and Purex plants have become — trate treatments (100 liters per treat- 
was unbolted from the system to re- experienced in decontaminating a por- ment in a 900-liter tank). The acid 
move corrosion specimens. Several — tion of the plant for emergency mainte- fractionator (16 ft tall by 18 in. dia) 





Siugs 
Thorex, Purex—What Are They? ' — 


@® THE THOREX PILOT PLANT (5) was constructed in Recovered 
1954 to develop and demonstrate chemical and engineering flow acid | 
sheets (see accompanying flow sheets) for the Thorex process. 7” 

This process was designed to separate and decontaminate U” Dissolver To 

and thorium from fission products. Feed solution is prepared Acid extraction 

(Fig. 5) by dissolving irradiated aluminum-clad thorium metal Jet fractionator column 

slugs in nitric acid. Acid vapors pass to fractionator; recovered i 
j 




















acid is reused, lean acid is discarded. Adjusted feed is trans- 
ferred to head tank and to extraction column (Fig. 6). - 

The process equipment is contained in three process cells, Feed Feed 
which are further subdivided into cubicles by concrete- or lead- ad) head | 
block walls. Each cubicle contains one piece or a few pieces of Pump | 
closely related equipment so that for emergency repair, only one 
or two cubicles need be decontaminated. 

Nonradioactive solutions are prepared in a makeup area, 
which is shielded from the cells by a 5-ft-thick wall. Process [ram aed ngvens (me aean. flaseme 
solutions are sampled by means of a shielded sampling system | preparation scrub anaes) 5 ip | wash | 
(6), which is located in a gallery along the outside of the cell fone Lim [rm Mecoveres 
wall. Instrumentation for the process is located on a central Th cr solvent 
control panel in the control room. 


@ THE PUREX PILOT PLANT was operated from 1950 to 
1953 to develop Purex process (ref. 1 gives flow sheets), for 
separating the U, Pu, and fission products of irradiated fuel 
by solvent extraction. This plant was constructed in the first 


four cells of the radiochemical separations pilot-plant building [ Praenie, | Ongenie | - 
cs, a 




















FIG. 5. Thorex feed-preparation flow sheet 


5 | 5 
1| Used 0 
r|solvent | ij 


{<7 e<one~ -2e< 




















in which the Thorex pilot plant is presently housed. The layout 
of the plant was similar to all directly maintained plant layouts. 
This plant contained a lot more equipment than Thorex does, for To waste 

it had a second uranium cycle and a second plutonium cycle. - ii 
The equipment was installed in the 20-ft-square cells without Aeon 

being shielded in cubicles. FIG. 6. Thorex solvent-extraction flow sheet 
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Solvent recovery 
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the new CENCO. 


HYVAC-7 


THE VIBRATION’S GONE 
-»-.-, and so is the noise 


Here’s a vacuum pump that is so carefully designed so expertly 

No. 91505. 60 cy. 115/230 volts machined . . . so perfectly balanced . . . that vibration has been reduced 
$275.00 to an absolute minimum. Result ve smooth, quiet operation. You can 
hardly hear it as it runs. In fact, its noise level is lower than that of 


any similar pump. 


The new Cenvo Hyvac-7 has more pumping capacity per cubic foot 
of space occupied than any other vacuum pump now available. It pro 
duces a free air displacement of 70 liters per minute and a guaranteed 
ultimate vacuum of 0.1 micron. This pumping speed in the low micron 


Also available with motors for } : pon : ; : 
other voltage requirements or range is exceptionally high. The ratio of pumping speed at 1 micron 
with explosion-proof motors. to that at atmospheric pressure is 49°. And it pumps from atmospheric 


Prices on request. to ultimate pressure in less than five minutes. 


This finest, most efficient of all vacuum pumps is now ready for 
shipment. Order today or write for Bulletin No. 13. 


Cenco CENTRAL SCIENTIFIC COMPANY 


SEERA 17361RVING PARK ROAD, CHICAGO 13, ILLINOIS 
The most complete line of BRANCHES AND OFFICES—CHICAGO * MOUNTAINSIDE, N. J. © BOSTON + BIRMINGHAM * DETROIT 


scientific instruments and lab- 


oratory supplies in the world CENTRAL SCIENTIFIC CO. OF CALIFORNIA—SANTA CLARA « LOS ANGELES 


REFINERY SUPPLY COMPANY—TULSA « HOUSTON 
CENTRAL SCIENTIFIC CO. OF CANADA, LTD.—TORONTO « MONTREAL « VANCOUVER «+ OTTAWA 
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Delay-Line Chamber Has 
Large Area, Low Capacitance 


By WILMOT N. HESS, H. WADE 
PATTERSON, and ROGER WALLACE 
Radiation Laboratory 

University of California 

Berkeley, California 


We have 
principal problem that makes it 
cult to 
plate 


olution to the 
diffi 


chamber with 


found a 


design ton 


large aren large electrical 
capacitance, 

The solution is to connect : 
plates to make a delay line 
way the chamber presents its total 
plate area to the flux it is counting, but 
each pulse produces a high voltage by 
charging only a single pair of plate 
The method is applicable to the con 
struction of any pulse ion chamber in 
which it is desirable to have a plate 
area of the order of 50 ft 

Our bismuth-fission chamber, show: 
designed for very-high 


ensitivit 


in Fig. 1, is 
energy neutrons It has a 


of | count for every 300 neutrons /em 


Chamber Design 

The chamber is intended for health 
physics surveys of neutron and proton 
well as for 


fields as applications in 


cosmic-ray and high-energy nuclear 


physics research. To eliminate re 
ind nuclear-stat 
coated 
material that has a high fission thresh 
o that 
Above 


element 


sponse to gamma ray 
events, the plates are with a 
old, and the device is operated 
only fission events are detected 
| Mey, bismuth is the 


suitable for this purpose (/ Its 


only 
fission 
threshold is near 50 Mey for 
or protons, and at 270 Mey the cro 
ISO millibarn We 
have measurements at greater energies 
than this, but there i 
that the cross section doe 


neutron 


section is do not 
reason to believe 
not rise much 
higher. 

The fission fragments from bismuth 
have a range of ~1 mg/cm?, and there 
is some evidence that only the top 4 
iting Is efter 
in producing detectable 

As a result it was deci 


mg/cm? of a bismuth co 
tive” 

events, 
space the plates '4 in. apart, prov 
approximately | mg of gas path lengtl 


when the pressure is | atm and the frag 


74 


path is perpendicular to the 
plates. Due to the effective 
depth of the bismuth, it} 


ment 
limited 
necessary to 
provide a large area to have a signifi 
cant counting rate, 

Bismuth fission chambers have been 
(2), but not 
The total plate 


made before with nearly 
the area of this one 
area in our present chamber is 63,000 
em?, so that we have 31.5 gm of effec 


tive Bi, even though the coating is 


actually | mg/cm? deep 


FIG. 1. Bismuth fission chamber. Vacuum 
case is made of 0.5-in. dural. Low-noise 
preamplifiers and signal-control box are 
shown on top of chamber 


id he 


: 
€ Oreee Le CCRC RPOT RIED OR RE RE OT BER RO EER 


FIG. 2. Interior of chamber showing spac- 
ing of plates and inductances that connect 
alternate plates 


Inside the chamber 43 plates 12 in. in 
diameter and 0.040 in. thick are spaced 
0.25 in. apart on eight rods (Fig. 2). 
Alternate plates are supported (as one 
unit) by four of the rods, but are sepa- 
rated by the 0.25-in. spacings from the 
other plates and their four supporting 
The 


end to heavy 


rods rods are fastened at each 
rings, in turn held in place 
in the case by eight radial setscrews 
This rugged construction was chosen to 
The 
plates are coated on each side by vac- 
Pof Bi 


reduce microphonic response. 


uum evaporation of | mg/em 


Electrical Problem 


first intended to connect 


the plates in series, with 5 kv across the 


It was at 


whole stack to provide a field strength 
of about 200 volts/cem 


nection did not provide uniform or ade- 


The series con- 


quate sensitivity across the stack; fis- 
sions occurring on more remote plates 
detected 
In addition, the high volt- 


could be only with reduced 
sensitivity. 

age necessary for the series connection 
gave rise to high-voltage breakdowns. 
A simple 


plates in parallel, while it permitted use 


connection of alternate 


of a low voltage, gave an electrical 


about 8,000 ypyuf, which 
made the signals much too small to 
detect. 


take advantage of the large total area 


capacity ol 
To isolate each plate and yet 


of the 43 plates, alternate plates were 


connected to individual triodes, and 
the plates of the triodes were tied to- 
gether. This system did not work be- 
cause the noise of all the triodes was 
competing with a desired signal from 


only one 


Solution 


What was needed was a method of 
allowing one of each pair of plates to be 
connected to the input of the preampli- 
fier when a signal was available between 
that particular pair of plates, but dis- 
connecting the capacity of that pair of 
plates when a signal was not present 
This 
William Goldsworthy and James Robi- 


son of this laboratory) is achieved as 


arrangement (as suggested by 


shown in Fig. 3. One set of alternate 
plates is connected directly to the nega- 
tive side of a 300-volt battery through 
i simple filter. The plates of the other 
set are connected to one another by 
200-uh 


junction 


inductances forming, in con- 


with the 
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NUCLEAR 
“TAILORS OF, STEEL” ® 


[his is one plate being rolled to shape for the Boiling Water Re- 


ictor now under construction by Paceco for General Electric Co 


l'o safely withstand the design pressure of 1215 p.s.i.g. at 578° F, 
304L stainless 


hell is fabricated from 3%” clad steel with 4” 
teel cladding and A212 Grade B mild steel backing 
Basic size of 60 ton reactor vessel was determined by General 


Electric. Entire design and engineering was supplied by Paceco 





Here are 4 Paceco gained-through-ex perience 
skills you may be seeking for design and fab 
rication of your nuclear equipment 


1. Skill in welding and heat treating of steel 
and alloys, both light and heavy gauge 
Skill in fabricating of corrosion-resistant 
metals and alloys 
Skill in producing heavy equipment to ex 
tremely precise mechanical tolerances 
Skill in designing and building equipment 
to resist extreme pressures and intense 
temperatures 

Some units we have built direct from buyer's 
plans. In other instances, however, Paceco 
engineers work with the buyer at the design 
ing stage. Experience has proved this consul 
tation may sharply lower initial cost, improve 
operational efficiency and reduce mainte 
nance. We invite consultation on your re 
quirements 


PACIFIC COAST 
ENGINEERING COMPANY 


ENGINEERS « MACHINISTS « FABRICATORS 
Alameda, California, \Akehurst 2.4100 
PACIFIC COAST ENGINEERING CO. INC 
New York 17, 5! East 42nd Street, Ox! 4 
REPRESENTATIVES 


Pasadena 6, Calif., 018 EF Foor! 
Kansas City 12, Mo., 4706 + 
Houston 2, Texas, 14!9 Robint 

















YOURS 
for 
the 

ASKING 


A copy of this quick-reading, 8-page booklet is 
yours for the asking. It contains many facts on the 
benefits derived from your business paper and 
tips on how to read more profitably. Write for the 
“WHY and HOW booklet.”’ 


McGraw-Hill Publishing Company, Room 2710, 330 West 
42nd S?t., New York 36, N. Y. 
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FIG. 3. Interior arrangement of bismuth 
fission chamber. Plates are spaced by 
ceramic insulators and washers along bars 
that are held to case by supporting rings 
at each end. Half the plates are con- 
nected to battery contained in the signal- 
control box on top of chamber. Rest are 
connected in series through 200-yuh induct- 
ances, making them into distributed delay 
line having over-all delay of about 5 usec. 
One end of line is terminated in charac- 
teristic impedance of 750 ohms; other end 
is connected to autotransformer that serves 
to match impedances 


tances, a delay line To eliminate 
reflections one end of this line is 
terminated in its characteristic imped- 
ance by a 750-ohm resistor. The 
other end of the line is connected to a 
pulse autotransformer, giving a 5-to-1 
voltage gain. This provides bette: 
impedance mat hing to the input of the 
preamplifier. 

here is a 5-usee delay along the 
entire line. Therefore a particular sig 
nal may be delayed 0-5 ysec. For 
incidence work to better than 5 psec 
both ends of the delay line can be 
brought out If the resulting double 
pulses were detected, the location of 
the pulse in the chamber along with its 
resulting delay could be determined to 
po rh ips 0 25 pse 

The signal from the pulse trans- 
former is amplified by 100 db in a low- 
noise preamplifier and low-noise linear 
implifier of UCRL design. The aver 
age signal coming from the pulse trans- 
former is about 100 yy Since the 
counting rates with this chamber are 
iften low in spite of the large amount 
of effective bismuth, the pulses coming 
from the linear amplifier are both 
photographed and recorded in duplicate 
on registers for a check on the long- 
time stability of the electronic circuits 
\ conventional driven-sweep oscillo 
cope and moving-film camera are used, 
Calibration pulses of a known size are 
automatically fed into the circuit be- 


tween the pulse transformer and pre- 
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it regular intervals and 
on the film as a check of reli- 
Discriminators controlling the 
ire gated off when calibration 


in 


is filled to 20 \Ib/in ? 


5 ¢ irgon and 5% CO 


in optimum pressure—more Remote Area Monitoring System 


nereases recombination, and 
the average fission fragment FILLS YOUR RADIATION MONITORING NEEDS 


opposite plate before reaching 


tsrange. It has been found, Ruggedized . . . Stabilized ... with Improved Reliability 
ng the polarity that the 


woth the delay-line-collec Simplified operation @ 
lates and the high-voltage Reduced maintenance and installation costs @ 
ve Phat on the high AC circuit, 110V, 60cy (no batteries) © 
~2-3 times as effective 


Monitors up to 20 channels from ONE control unit @ 


All features of RAMS I and its accessories combined ine 
integrated station units 


t on the delay-line set 


Response 
P Each station unit panel contains all indicators and @ 


IS4-in. synchrocyclotron is controls for that channel 


peration at present, the cham- Chambers can be located up to 2 miles from the control @ 
been partially calibrated during unit (without secondary amplification) 
the UCRL Bevatron Here Start with one control unit and one station unit panel © 


and expand system as required 





32 types of standard plug-in 


station units are available 


'O volts bias 


a = 
20 volts bias from stock 
“ 


one Hn 4 basic STATION UNITS: 


PANELS 


1. NON- INDICATING 
(Read meter on control panel) ; apoto 
INDICATING METER AS NEEDED 
For continuous monitoring) 


METER RELAY 
(To actuate alarm circuits) 


INDICATING METER RELAY 
(To actuate alarms and moni 
tor continuously) 


OC 200 300 


Leod Thickness( gm /cm?) 











FIG. 4. Transition curve for lead up to 
12 in. thick for neutral beam of the Uni- 
versity of California Bevatron. Values 
plotted are due to bismuth only; neutral- 
chamber effect has been subtracted. ; ° —_ . : , . 
Curves indicate no measurable response to EACH of the 4 basic station units is available with choice of: : 
y-rays, though they constitute major part 


of beam. Slopes of curves are consistent lors 
providing | ; 1,000 range without switching 


? ranges of 3 logarithmic decades each 


with neutron attenuation in lead » .. x 
é Accuracy equal for any level 
Remote calibration check source to verify 


accuracy at any time 


proton truck a target produe Small: (CG-1) Chamber for high radiation intensity 
et of partic les The mag (10mr/ her ~ 100,000r/ hr) and up Large: (CG-50 
Chamber for fast response at low levels (Below 10m 

| of the Bevatron deflected all 


particles away from the 
Stock plug-in units offer simple moc “a 
ing principally neutrons changing requirement 
Seve | Be A tr: ‘ “ ‘ 
ral bev d ransi Monitors up to 20 channels from ONI ntrol unt 
vn in Fig $ was run available in any number of station units desired 


All station units are provided with output to operate a 
"i ‘ ) TI ; 
ind 12 in. of lead A 10 mv. potentiometer recorder 


ing no bismuth was 

iny effect that might REPRESENTATIVES IN PRINCIPAL CITIES 
iluminum plates 

‘Its bias this subtraction for informative brochure and complete technical data, write 


The small slope ; 
consistent with the ELECTRONICS. INC 





1 of neutrons by lead and | A subsidiary of PANELLIT, ine 


4 ty, vr ‘ ‘ 
( t toa mean free path of about (Dept. N-5) 3025 W. Mission Rd., Alhombra, Collf 


Vol. 15, No. 3 - March, 1957 





a 
ae I) ye 
| a 


ee 
4 
~—eae” 


Look no further— 


if you're looking for 


“HIGH PURITY” 


fused quartz 


wy -Yo).) bacl hams 1. 


The world’s largest pro 
ducer of fused quartz prod 
ucts can help you with your 
most critical and exacting 
needs for your laboratory 
ware 

Vitreosil® products can 
be supplied in an unusually 
large variety of types and 
sizes. Also fabricated to spec 
ification to meet semi-con 
ductor requirements for the 
production of silicon metal 


TRANSPARENT VITREOSIL 

For ultra-violet applica 
tions, metallurgical investi 
gations, chemical research 
and analysis, photochemis 
try, spectroscopy and physi 
cal, optical and electrical 
research. 

Send specifications for 
your requirements. Please 
use coupon below 


THERMAL AMERICAN 
FUSED QUARTZ CO., INC. 


18-20 Salem Street, Dover, New Jersey 


Please send technical data on 


Company 


Street 


City Zone State 


s 
= 
= 
= 
Name & Title = 
= 
Ld 
& 
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FIG. 5. Integral bias curves for bismuth- 
coated chamber and its twin with no 
bismuth, Above 20 volts bias, ratio of 
counting rates is as much as 500 to | 


200 gin/em?, which is as close to the 
geometric cross-section mean free path 
for lead of 180 gm/cm?* as can be ex 
these 


rough preliminary 


Apparently the re 


pected of 
measurements 
ponse to gamma rays, known from 
other experiments to constitute about 
the neutral-particle beam, is quite 
mall, since no steep attenuation 
vhich would be characteristic of gamma 
rays-——1s seen at all 
he relative integral bias curves for 
the chamber with the bismuth and for 
the twin control chamber without the 
bismuth are shown in Fig. 5. It i 
een that under the worst condition 
10 volts the ratio is 4 to 1, but that 
has risen to 25 to 1 at 20 volts and 
ihove this is a 500 to | rhe 


difference in slopes of the bismuth and 


mite h as 


nonbismuth curves is interpreted as an 
indication that the processes responsi- 
ble for the pulses are fundamentally 
different, namely, heavy-element fission 
on the one hand and light-element star 
formation on the other 

During the Bevatron run a compari 


made with a preyviou ly cal 


on Wa 
brated small chamber containing | gm 
of effective bismuth and having a sensi- 
tivity of | count per 104 n/em? at 290 
\ley It was found that the 
chamber had a counting rate 
extrapolated to zero bias, 37 times that 
f the little chamber, which is to be 
ibout 21 in 


large 


W hen 


compared with a ratio of 
the amount of effective bismuth con 
tained. This measured ratio gives a 
ensitivity of about 1 count per 300 
verv-high-energy n/cm? (assuming that 
the fission cross section does not vary 
rapidly with energy above 300 Mey 
ACT 


has been incorporated into each cham 


? spontaneous-fission source (3 


are 
you 
this 
sales 


rep 


The men we are seeking are tech- 
nical sales representatives, expe- 
rienced in nuclear instrumenta 
tion. They are currently calling 
on nuclear research laboratories 
and reactor and accelerator man- 
ufacturers. We are a long estab- 
lished electronic manufacture 
now expanding into nuclear in 
strumentation with a line of high 
quality, specialized nuclear re 
search instruments (not scalers 
or counters). Our line is com 
posed chiefly of non-« ompetitive 
instruments and our markets are 
virtually untapped. If your inter- 
est and qualifications mesh with 
from you. 
J. H. Werlin, Sales Manager, El 
1401 
Road, Oakland 


ours...let us hear 


Dorado Klee tronics Co.. 


Middle Har bor 


20, California. 
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it for simplicity has not been 

n Fig. 3. The high voltage to 

uurce can be switched off or on 

| the outside, making a fairly high 

nting rate of bona fide fission pulses 

ible at any time for circuit test 

bration purposes. The integral 

e arising from 500 Cf?** pulses 

nin Fig. 6. That the slope of 

e is much steeper than that 

ng from the bismuth fissions is in- 

rpreted as a result of the difference in 

mechanics of the two fission proc- 

themselves, and of the fact that 
is extremely thin. 

s chamber will sometimes be used 

presence of charged particles, 

ery-high-energy protons and 





10 20 30 40 50 60 


Pulse Height ( volts) 











FIG. 6. Integral bias curve of 500 Cf?* | 


spontaneous-fission pulses. Steeper slope 
of curve is thought to arise from energy 
difference between spontaneous californium 
fission and induced high-energy-neutron 
fission of bismuth 


which can initiate fissions as 
is neutrons can because their 
sy far above the Coulomb 
potential. To separate the 

if the charged particles, a com- 
blanket of G-M tubes is being 
ructed for the bismuth-containing 
and each fission event will be 

ed as being either in coincidence 


{ ats M pulse or not. 


* * * 

s wish to thank the operating 
UCRL 184-in. cyclotron and 
their cooperation in the expert 
ibrations of this fiasion chamber 
rk waa performed for the U. S 
Vnergy Commiasion under contract 


ng-40 
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YOU CAN'T 


Stop the Clock! 


when an eye injury occurs! 


You'd be better off if you could, for the time is working 
against youl THAT VALUABLE TIME elapsing between the 
accident and the arrival of medical aid, is too often the cause 
of permanent eye-injury ... of costly insurance claims. . . of 


higher workman's compensation insurance rates. 


No you can not stop the clock, 
but you can bridge this “danger 
0 period” with HAWS Emergency 


Eye-Wash Fountains! This valu 





able safety equipment permits 
workers to thoroughly wash out 
their eyes with clear water at safe 
controlled pressure. It minimizes 


these drastic results 


HAWS Eye-Wash Fountains and emergency drench showers are de 
signed and manufactured in cooperation with leading Safety Engineers 


Write for full details, TODAY! 


DRINKING FAUCET CO. 


1437 FOURTH STREET (Since 1909) BERKELEY 10, CALIFORNIA 





During the past 5 years, the proven performance of the EKCO Model 1079-C Vibrat- 
ing Reed Electrometer has made it preferred by actual users, both here and abroad. 


Low in cost, compact, rugged and easily serviced; its high, full-scale sensitivity and 
inherent stability makes the EKCO Model 1079-C ideal for all applications involving 
small current and voltage measurements. 


STABILITY + 1 mv, day-to-day 

SENSITIVITY 0.03 yya full-scale reading @ max 

RANGES 0-30, 0-100, 0-300, 0-1000 mv 

INPUT internal, switch-controlled, 10*, 10'”, 10'? ohm resistors 
OUTPUT Operates with 1 ma or 100 mv recorder 

POWER 110/120 or 200/250 v, 40/60 cps, 40 w 

WEIGHT Only 29 ibs., complete with cables 


Write TODAY for Bulletin L-572 for complete data 


AMERICAN TRADAIR CORP. 


34-01 30th Street, Long Island City 6, N. Y. * Dept. m3 
U.S. SALES & SERVICE for 


EKCO ELECTRONICS, LTD., Essex England 





PROMPT 
DELIVERY 


A GRAM 
OR A CARLOAD 


OXIDE 


(SEVERAL GRADES) 
FLUORIDE 


NITRATE 


AND OTHER SALTS 


GADOLINIUM 
SAMARIUM 


EUROPIUM 
AND OTHER 
SEPARATED 
RARE EARTHS 


WRITE FOR TECHNICAL 
DATA 


World's largest 
producer of rare earth and 
thorium chemicals for commercial 


atomic energy use and industrial applications 


| INDSAY (HEMICAL (OMPANY 
272 ANN STREET, WEST CHICA i 
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Alpha-Scintillation Monitor 
for Hands and Clothing 


By J. NICHOLLS* 
Burndept Lid Krith Kent 


Protection of the employer in fuel 


processing plants requires equipment 


that can detect alpha contamination on 


their hands or clothing at levels as lo 


as 2.5 * 1074 we. Exposure 


to or in 
gestion of larger quantities of the pure 
alpha emitters would exceed the per 
mitted level (J, 2) 

A standard detector fo: 


operator 


checking 
hands is the air-proportiona! 
counter (Fig. 1) For detecting Pu o1 
Po, most 
ilpha detectors to scan both side ol 
both hand 


Two major practical problem 


installations use four such 
simultaneous! 
iris 
in the use of such counter 

First, the very fine anode wires tend 
vibrate when the counter units are 
ven toward the hands. Such vibra 
count Thi 


the fact that 


tion produces spuriou 


problem is aggravated b 
high-gain pulse amplifiers are necessary 
to amplify the small output pulse 
from the proportional coun 


well de 


signed alpha scintillation counter yields 


5 mv 

By way of contrast a 
10-500 mv under the same conditions 
because of the high volt 
dusty, humid 
urrents to 


err ondly 
age emplo ed itmeo 


phere CILIME breakdown 


flow—again leading to spuriou 





FIG. 2 


hy 





insulating frame 
supporting anode 
wires 


Frame 
holding 
protective 
foul window 


Front grill Anode wires 


High-voltage 
connection 











FIG. 1. Typical large-area air propor- 
tional counter for alpha counting 


In some instances air condi 


was installed to offset this 


effect. but this increased costs 


Scintillation Counter 


foreyoing diffi- 


lo circumvent the 


iitie we used an alpha-scintillation 


eountel 


* PRESENT ADDRESS \tomu lnergy 
1) ion, Canadian We inghouse Co., Ltd 
Ha ton, Ontario 

o humid « 


(7 “PD, v4 J 
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Exploded view, alpha hand counter unit 
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Diffuse 
screen 


Synchronization Reflector 
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Adjustable 
ris 
ultipler 

Photomultiplie output 


tube 


Counter 
ossembly 











Parabolic reflector 


FIG. 3. Flying-spot scanning system for reflector evaluation 
90 


gave best results when compared with truncated-cone and pyramid shapes 
of center response at maximum usable radius 


counting unit are worth noting 


The dyno 


around 


output and good reliability the 


ntillation counter includes 5. feed network is 


window, a silve! the photomultipher 


ital length of the 


mounted 


to 


ht alpha 
zine-sulfide phosphor, and a reduce the t 
r. One problem in the combination 
that of 2. The po 
irea photo athode with plier tube is adjustable 


This sible to 


even 


equipment was ition of the photomulti 


ilong the axis 


phosphor, the ratio being makes it obtain an 


tion for the photo 


respon ‘ po 


to the reflector 


in Another problem was 
cathode relative 
In the Zns 
was used to bond the ZnS crystals to 
the f the 
4. The front ¢ 
steel with a ten 
Thus, the “lost 
by the 
pun hed metal grill i 
The entire 
osphor with a separate for decontamination 
window 5. The paral 


in detail below nove] 


cheap 


window 3. 


ol a simple 
This 


the two opposing require- 


pment 


creen & sper ial pro CSS 


irge rea 


to light and trans- surface Lucite mount 


lene 


pha parts les Obtaining s made of stainless 
num foil that 


and 0.006 mm thick, 


oned pilano-wire mesh 


taken 


was hole 


iren irea”’ normally 


metal intersections of 4a 


iajor production difficulty 
Anus still 


opment 


up 
ubstantially re 
detachable 


sheet was 


had 


plasty 


we duced, lrame | 


reflector, described 


suitable window 


that 


or a 
showed the 
vas one in Znus 

nto a cold-setting As 
such that 


eheme 


Reflector Development 


whic h 


a result of investigation of man 


ten i marabo ection 1 
a reflect ind | 
Wie used iying 


the dynamu 


was optical 


used a ght concentra 


tor 


bottom he 
When} urd 
heet 


ettled to the 


ny took place pot scanning 


e of the pla tic tem for observation of 
ombination 


Modi 


Osc 


th aluminum b i photomultiy er-reflector ¢ 
The final 


desired 


Figure 3 outline tem 


fied TV receive vel d a 
suitabl 


material 
ape ind 
fe ld oOscopes ne } vere 
ung generators and 


Three reflec tor 
nthedvn 


ments showed that equipped vit 


the optimum deposited video signal ec} 


Kr ior maximum re irrangement im 


er the range of incident ener tests: trunca ramid ane 


ed TI 


| to control in produc tion 


thickness was eas parabolic sect 


eof the 
the 
the best 


iew of the counter is Scop 
veral features of , 
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WORLDWIDE 


Film Badge 
. 
.. | Service 


* 


Gamma 
X-rays 


Neutrons 


Avaliable in clip-on, 
wrist, or ring style 

for isotope and X-ray 
laboratories, medical and 
dental offices, and 
industrial plants. Write 
or ‘phone for Bulletin 
N20, containing complete 
information and prices 


@ Low Cost 

@ Prompt, Reliable Reports 

@ Provides Permanent Records 

@ Covers Wide Range of Energies 
and Exposures 

@ 5 Filters for Highest Accuracy 


oT) == 
Bee \ 
— \ 


ae 


Equipment 
for 

Every 

Field 


#101 — Uranium and Oil 
Exploration Equipment 
#102 — Atomic Education 
Equipment 

#103 — Nuclear Labora 
tory Equipment 

#104 — Medical Radioiso 
tope Equipment 

#105 — Geiger, Propor 
tional, and Scintillation 
Detectors 


Send now for above 
new catalogs 


Dept. N37 


NUCLEONIC 
Corporation of America 


196 Degraw Street 
Brooklyn 31, N.Y 
MAin 4-7370 





THE ? 
ND 


INDUSTRIAL NUCLEAR 
TECHNOLOGY CONFERENCE 
ON NON-POWER ASPECTS OF NUCLEAR TECHNOLOGY 


Co-sponsored by: ARMOUR RESEARCH FOUNDATION and NUCLEONICS Magazine 


Time: May 14, 15, 16 


Place: Museum of Science and Industry, 
Chicago, III. 


May 15, 16: 


TECHNICAL SESSIONS 


TUTORIAL SESSIONS RADIATION EFFECTS: 


Authoritative invited and contributed pa- 
WHAT radiation is and how to use it in in- pers on radiation effects on solids and 
dustry liquids 


WHERE to get nuclear material and how to NUCLEAR MACHINES AND INSTRUMENTATION: 


handle it Equipment and apparatus ideas ranging 
from novel accelerators to radiation de- 

WHEN the government requires licensing and tectors, along with invited papers describ- 
what legal problems are involved ing future trends. Recent developments in 
electronic instrumentation and _ current 


: tr in circuit ill al 
HOW many dollars are involved and what ends circuitry will also be covered 


equipment is necessary 
APPLICATIONS: 
Interesting innovations in the use of radi- 


ation and nuclear techniques ranging over 
a great breadth of industrial problems 


, will be held on May 15 and con- 
ference luncheons on May 15 and 14. 


For further information, contact: 
L. Reiffel, Conference Co-chairman 
Armour Research Foundation 
3440 S. State 
Chicago, Ill. 
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Hi-D 
LEAD GLASS WINDOWS 
IN STEEL WALLS 


\ EY, 
Hi-D 


LEAD 
_ GLASS 
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i 7 
WIDE ANGLE 1 V7 
or nt, 
> VIEW i / 


/ WSTEEL 
¥ 


HI-D Lead Glass Windows provide 
clear, direct, wide-angle, binocular 
vision through heavy gamma-shield- 
ing walls. Lead equivalent 0.55; 


steel, 1.0 
LARGER SIZES NOW AVAILABLE 
Send for circular GS-4 


PENBERTHY 
INSTRUMENT CO. 


420! Or) AVE SOUTH - SEATTLE 6 WASH 























AIRMATIC 
Pneumatic Tube Systems 
for Sample Irradiation 


Specially engineered and 
manufactured for pro 
viding fast and safe 
transmission of materials 
within the reactor core 
as well between the core 
and laboratory, test 
booth, 
“Rabbits” of fiber, mag- 
nesium or plastic handle 
any type of test material 
and are propelled by vac- 
uum or a combination of 
vacuum and pressure. 


ete, 


We engineer and manu- 
facture all types of 
Pneumatic Tube Systems 
for overall plant commu- 
nications from Manual 
Systems to Fully Auto- 
matic Systems 

For 
Further Information 

Call or Write: 


AIRMATIC La 


SYSTEMS CORP. 


REACTOR 














| 
| 
| 
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| be used for the upper and 


the best position for the photocathode 
was not at the principal focus, but a 
short distance away along the axis. 
Matt-white and polished-aluminum 
We 


adopted a reflector of superpure alumi- 


surface finishes were investigated. 


num finished internally with a special 
hard anodized process that yielded a 
bright durable surface giving 70% re- 
flection of incident light 

The most important data obtained 
with this test setup was the ratio of 
response at the inside edge of the reflec- 
The 
parabolic shape gave ~0% of the cen- 
the 


value 


tor to the response at the center, 


ter response at maximum usable 


(This 


improved by 


radius. has since been 


further 
method of bonding magnesium oxide to 


use of a new 
the reflector surface.) 

After a prototype was built based on 
these preliminary results, the center to 
inside-edge ratio was checked, using a 
small collimated alpha source close to 
the large-area phosphor—it was even 
better than expected 


Developmental Model 


The development model monitor in- 
cludes a pair of alpha hand counters, 
both alpha and beta Marita probes, 
a pulse amplifier, discriminator, count- 
ing-rate circuit, and an amplifier and 
loudspeaker 

The circuits used represent standard 
Harwell practice and have a high degree 
of stability (4). One the 


economy of using a common power sup- 


feature 1s 


ply and a single feedback pulse ampli- 
fier for all the counters 
the 


been 


The monitor indicates whether 


maximum permissible level has 


reached or exceeded for alpha, beta, 


and gamma activity the clothing 
activity the 


Operation is semiautomatic with ade- 


on 


and on hands 


alpha 


quate alarm and safety circuits. 
Standard ratemeter indications are pro- 
vided for alpha, beta, and gamma meas- 
For the 


low alpha concentration that consti- 


urements on clothing very 
tutes the maximum permissible level, 
an integrated count is used 

The average plateau length for a 
complete assembly, including one of the 
large-area alpha counters, 1s ~I115 
volts 

Using one pair of large-area alpha 
counters it is possible to monitor only 
one hand ata time. Almost any com- 
bination of photomultiplier tubes can 


lower coun- 


| ters despite the requirement of similar 


sensitivity for the two units, since the 
light produced in the phosphor is strong 


ANALOG COMPUTER 
MODEL 3000 


Simplified analog computer solves wide va 
riety of engineering problems. Detachable 
problem boards and plug-in components fa 
cilitate rapid problem set-up. Function gen 
stabilizer, and 
other accessories available. Write for com 


plete data. Model 3000, $1150 FOB Factory 


erator, multiplier, chopper 


Problem board $95 
ScrienTiric 
DONNER tse: 


833 Galindo Street 


Concord, California 








Send your 
résumé 


Scientists ...Engineers 


A message from 
M. A. Schultz, Project Manager 


Westinghouse 
Commercial 
Atomic Power 


“We are developing the first industry-owned, high-powered 
Testing Reactor—the Westinghouse Test Reactor. It will enable 
private industry and the government to test materials under 
conditions of high neutron flux, high temperature and high 
pressure 

“Here at CAPA, we are continually pioneering peacetime 
atomic power projects. ‘The Westinghouse Testing Reactor is 
only one of many now under way. Sound interesting? Why 


not let us tell you more?” 


An Experienced, Young, Fast-Growing Team 
CAPA—Commercial Atomic Power Activity—is the most dy 
namic new division at Westinghouse. We're ‘“‘fluid,’’ not fixed 
Supervisory jobs open up fast! 

Our growth curve is bound to be steep—as electric power 
demand and atomic power production pyramid sharply. We're 
entirely commercial—not dependent on government contracts 
Opportunities for advanced study at company expense, Get in 
on the “industry of tomorrow” today —at Westinghouse CAPA 


immediate Openings for professionally established men and 
those just starting their careers: Physicists « Physical Chem 
ists « Chemical Engineers « Mechanical Engineers « Electrical 


Engineers + Designers « Metallurgists 


Please mail résumé of your professional and 
business background to: C. S. Southard, West 
inghouse Commercial Atomic Power, Box 355, 


Dept. 144, Pittsburgh 30, Pennsylvania 


WESTINGHOUSE 


FIRST IN ATOMIC POWER 


enough to produce pulses well in excess 
of the discriminator threshold afte 


implication 


A Look Ahead 


An ideal instrument for hand and 
lothing monitoring should incorporate 
the following features 

1. Monitoring of both sides of both 
hands at the same time 

2. An increase in counter efficiency 

illow ratemeter indication on the 

alpha range 

3. A window material in sheet form 
that combines the necessary phosphor 
and light-tight qualities 

4. Reduction of monitoring time 

5. Use of the Kandiah (4) design of 
low-level discriminator to eliminate 
amplifiers of any sort 

6. Use of large-area photomultiplier 
tubes to simplify reflector design 

7. New reflector designs that allow 
both sides of a hand to be monitored 
in the same housing 

8. Improvements in the geometry of 


the counter assembly 
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Program for Meeting on 
Radiation Effects on Materials 


The following program is sponsored 

by the Office of Naval Research and 

Glenn L. Martin Co., March 27-29, 

1957, Johns Hopkins University 
Shriver Hall), Baltimore, Md, Con 

tact: J. G. Morse, Nuclear Div., Mai 

tin Co., Baltimore 3, Md 
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FIG. 1 
0.043 


Powdered U,O;-ore samples in cassette. 
, 0.0043 %;, UsOx) are placed (counting from top left; letters and numbers 


Standards (4.3°), 0.43), 


give vertical and horizontal positions, respectively) at G9, F8, E7, and Dé, respec- 


C5 is a blank 


tively 


Autoradiographic 
Determination of 
Radioactivity in Rocks 


By ALBERT P. ABRAHAMS 
/ | f ul Hygiene 


te Department of Labor 


or seintillation 
ed for field assay 
How 
least 


amples 
nt has at 


ound activity el 


mit have to be 


rou limit porta 
ounters can count 
time—automati 
impractical unde 
raphic method we 
ch 110 samples can 
xposed to the same 
the following 

con 


of known I (), 


he ¢ posed to the same 


inknown rock samples 
errors due to type or 
elopment differ 
solute calibration 


a permanent 


number of samples may be 
For 


equipment 


multaneously com 


f re iit electronu 
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FIG. 2. Autoradiograph of U,O, samples 
At bottom left are standards, and at top 
right are unknowns 


would have to includ mple changer 


printer, and re 


3. For low | of 


result 


radioactivity 
r precision with 
the radiographi 1 than with the 
G-M counter i-M 


are general Wu lded in 


indicated g 


counters 
field use 


high bac kgro ind ra nake it ciffie ult 


ANTON... 


where precision 


COUNTS 


229 
Ratemeters 


The most precise laboratory ratemeter avail- 
able, Anton's 229 Series has 7 scales, in- 
cluding a single log scale from 300-50,000 
cpm with accuracy of better than + 2%, of 
meter reading above | It has dual 
range input sensitivity and provides precise 
and efficient measurement of radioactivity 
in industry, research and medicine. 


3 scale 


700 
Survey 
Meter 


Portable laboratory or field survey meter 
(.5; 5; 50 mr/hr full scale) is built to FCDA 
specifications CDV-700 type 
which can be exposed con- 


the only 
survey meter 
tinuously to high intensity radiation without 
Probe uses Anton halogen 
thin 


detector failure 
quenched, very 
counter tube 
te 75°C. 


wall, stainless steel 


Ace uracy assured from -§5°C 


44 
Ratemeter 


N 
dual 


exclusive 


Low-cost, accurate, range (0-S5SO00; 
0-50,000 cpm) input design. 
Supplied with Anton long-lived, stainless 
steel, thin wall GO 
mg /cm*) counter a wide range of 
other tubes. Unit features a jack for external 
board and 


oscilloscope connections 


halogen quenched, 


tube or 
construction 


meters, terminal 


6001 Sample Changer 


=> 


For quick, accurate measurement of low in- 
tensity radiation. Designed for use of one or 
two Anton pancake type, high beta sensi- 
tivity, low background counter tubes. Pro- 
vides 2” lead plus 3/16” aluminum shielding 
in all directions, lowering the background 
count by a factor of from two to four. Makes 
possible counting geometry of nearly 100%. 


Write Dept. N1 for complete catalog of 
Anton nuclear tubes and instruments 


ANTON ELECTRONIC LABORATORIES, INC 











Lelab metal-walled G-M tubes for anti-coincidence 
applications—where uniformity counts! 


Except for a glass bead insulator, Lelab Counter Tubes are constructed entirely 
of metal Che metal cylinder is used both as the envelope and the cathode 


The restriction olf ill component part within the diameter of the tube permit 
close stacking Fach counter custom-built, filled, and tested in order to in 
sure stability and uniformit 


LELAB PROBE COUNTER TUBE FOR NEUROSURGERY 


(Robinson-Selverstone Type) 
Made especially for ‘ ica irwer 


ture probe tubs Phe 


nd other purposes requirin 
like probe provides an ideal way of 
ing radioactivit n or prol mall areas with a relativel 


field intensity 


uM { jor plete information 


H. W. LEIGHTON LABORATORIES, Yor 


& Sunset Lane, Hatboro, Pa. 








REACH, GRASP, LIFT 
anywhere in hot cell 


The General Mills Mechanical Arm in 
creases many times your strength and 
dexterity, enables you to perform heavy 
duty, delicate or intricate tasks with 
equal ease —remotely 
e Lift and carry 750-/b. loads 
© Handle delicate equipment 


e Assembi/e complex machines 


Fully coordinated, pistol-grip con 
trols are easily mastered, Adaptable 
to telescopic or television viewing; 
easily mounted on crane or vehicle 


t aL 


MECHANICAL DIVISION 


tral Avenue e Minneapolis 13, Minn 


to obtain reliable results with samples 
containing low concentrations of radio- 
active materials. 

4. With autoradiography, expense is 
confined essentially to the cost of devel 
oper, fixer, film cassettes, and similar 
A darkroom 


equipped with developing and fixing 


photographic equipment 


basins and a densitometer are the only 
capital investment required. 

The accuracy of the autoradiographic 
method, as described here, is limited by 
the assumption that all radioactivity is 
due to U,O,. Of course, it is adaptable 


to monazite or other thorium ores 


Procedure 


The rocks are first ground to the con- 
tency of a fine powder Samples are 
elected weighing 4 yim 
A 14 & 17-in. Du Pont 508 X-ray 
exposed to the ample in a 
ette lined to hold 110 samples in 
In, square ee Fig. | The sam 
ples are tamped into cylindrical Lucite 
containers, 1! in. in diameter and 
n. high 
rhe film is developed, using standard 
dak X-ray developer and fixer, afte 
}-week exposure period, The ex 
re time is varied to find the opti 
duration——long enough for low 
activities to be measurable, but 
0 long as to make the opacit due 
highly active samples unreadable on 
densitomete! 
fter drying s ruled into a 
corresponding to the mapping of 
issette, so that each sample has 
its own definite area on the film as 
signed to it (see Fig. 2 These areas 
are read on an optical densitometer 
The findings were checked by meas 
uring the activities of the samples with 
ca-end-window G-M counter and 
a type generally favored for 
urvey work 
Che readings for the standards were 
plotted on a graph of film darkening vs 
concentration of U,O,s. Curves were 
fitted from which the radioactivity of 
the unknowns could be read off, and 


the percentage of U,O, determined 





Reprints Available 
Applying Radiation in Industry 
May '56 $1.25 
How Radiation Affect Materia 
Sept 56 $1.95 

Reprint Dept. 
NUCLEONICS 


40 W. 42nd St., New York, N.Y 
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NUCLEAR CALENDAR 


March 18-27—National convention 
IRE, New York; professional group 
on nuclear science meets 20th (Wal- 
dorf exhibits (Coliseum). Contact 


IRE, 1 E. 79 St., NYC. 


March 25-27—10th Western Metal 
Congress & Exposition, Los Angeles 
imbassador) Sessions on nonde- 
structive testing in nuclear energy; also 
tope tests Contact W. H. Eisen- 
secy., Am. Soc. for Metals, 55 

West 42nd St., N. Y., N. ¥ 


March 27-29—19th annual American 
Power Conference, Chicago (Sherman) 
Sessions on nuclear power. Contact 
R. A. Budenholzer, Illinois Tech, 35 
W. 33 St., Chicago 16 


March 27-29—Colloquium on _ radia- 
tion effects on materials. (Office of 
Naval Research, and Glenn L. Martin 
Co.), Baltimore (Johns Hopkins Univ.) 
Contact Jerome Morse, Martin, Balti- 
more 3. Md See p. 84 for program 


April 10-12-——-National nuclear instru 
mentation conference and exhibit, ISA, 
\ nta (Biltmore Contact Fred J 
] ‘ 3443 8. Hill St., Los Angeles 7 


April 15-19-—7th annual high energy 
| conference, National Science 
I ndation, Rochester,N. ¥ Contact 
R ert M irshak, tochester | 


April 16-18—Symposium on nondestruc 
tive tests in the nuclear energy field 
Am. Soc. for Testing Materials 
jointly with ANS, AIChE and the 
Society for Non-Destructive Testing), 
Chicago (Morrison) Contact W. J 
McGonnagle, Argonne National Labo- 
ratory, Lemont, Ill 


April 22-26 Annual meeting American 
| trial Hygiene Assn., St. Louis 

/ luditloriun Radiation sessions 
Gt) Write Rm. 1300, 28 kK. Jack 


ivd., Chicago 4 


April 29-May 1—Eighth annual spectros 
copy symposium (Am, Assn. of Spec 
trographers), Chicago (LaSalle). Con- 
tact T. H. Zink, 4528 Division St 
Chicago 51 


May 13-15 Annual meeting, Radiation 
kt h Society Rochester, N y 
i on radiation genetics and 
chemistry Contact A 

’O. Box 1LO9OL, Pittsburgh 


May 14-16—Second annual Industrial 
Nuclear Technology conference on ap- 
plied uses of radiation (Armour Research 
Foundation and Nucteonics), Chicago 
(Museum of Science and Industry). L. 
Reiffel, ARF, 3440 S. State St., Chicago 


May 28-29—Second reactive metals 

conference So California section 
AIMI Los Ang* les (Ambassador 

ont 4b. 8. Mesick, Arthur D 
Little Inc., Los Angeles 
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How Berkeley Scalers Measure 
Flow Rates with 2% to 5% 
Accuracy at Major Refinery 


Using radiotracer techniques developed by California Research 
Corporation, engineers at the Richmond refinery of Standard Oil 
Company of California are obtaining flow rate measurements with 
accuracies of 2% to 5%. 

As pictured above, Berkeley Model 2080 portable scalers count 
gamma radiation from a tracer injected upstream in the line, flow 
rate being determined by the total count method. 

The battery-operated 2080 was initially selected three years ago 
because it could safely be used in hazardous areas. Two more have 
since been purchased by the refinery. Convenience of the 16-lb. 
scaler and its simplicity of operation have led to its use even in 
areas where line-powered instruments could be operated 

In addition to flow rate measurements on crude, gasoline and 
other liquid lines, Cal Research engineers use Berkeley scalers and 
radiotracer techniques for tar entrainment determination, testing 


for leaks, studies of mixing in surge tanks and stills. 


Wherever precise flow rate knowledge is essential to proper processing, 
modern radiotracer techniques with Berkeley scalers (the only portable 
scalers with proved reliability) can aid in improved measurement and con- 
trol. Complete data is yours for the asking; please address Dept. £3 


Beckman’ 
Berkeley Division 


Richmond 3, California 


ad am of Beckman Inatrument 
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A Device for Tensile Tests 
of Irradiated Metals 


By R. E. HUESCHEN and D. C. KAULITZ 
Hanford Laboratori Operation 

General Electric Co 

Richland, Washington 


THERE HAS LONG been need for 4a pecimen requires a testing machine 

apparatus to mensure t rop vith long tensile columne It was de 

ties of irradiated fue ind rue cided to use a 60,000-lb Baldwin-Lima 

materials at high temperatus ‘ Hamilton machine Its long, heavy 

future renetor ce elopm columns do not affect the accuracy of 

tial to know the proper of | the machine loading tem 

ated material if | itin PTH 

tenee oodk (is aincte of liation on Elongation Measurement FIG. 1. Over-all view of apparatus 
showing optical unit in foreground and 


these propertse After maidering and testing 
' prop considering a ' - removable furnace beyond 


We have constructed si 1 ual In-measuring technique 
apparatus that pern ! f eided ona direet optical method rh 
of highly radioactive specim ) to be best from the standpoint hroug 1. Of lead-glass shielding 
peratures up to SOO” ¢ | of remote operation With successfu nd the quar vindow of the furnace 
contains an optical unit capable of ob development of such a unit it became long this path reflected gage marks 
erving specimen stra oug ele wossible to design the wuum furnace ! platinum trip » projected 
ing windows This unit can ut ind associated equipment hrough the shielding i@ eyepiece 
clongations up to 50% v he other two methods use 
long sample, so it is a ( mercial strain gages or optical gage ‘I instrument | hown in Fig 
range extensometer uch as the Tuckerman Preliminat ind 3. It has a double collimator 

To protect unples from hig mn result howed that they had design em in which the upper objective can 
perature oxidation a ( n limitations plus problems of remot ve moved relative to the lower one by 
has been designed as an integs Dp ontrol in accurate micrometer screw The 
of the furnace Che furnas ty Design of unit. The optical strain vo collimated images of the fiduciary 
removed to permit rene of measuring unit was designed in col marks are superimposed by a combin 
samples. igure | show I 1 laboration with the Gaertner Scientific ing tem incorporating two penta 
In operating position Corp It has a focal distance of over pris one of whi is of the com 

: . 4 in, to permit insertion of shielding ung form, Each penta pri 

Tensile Unit etween optical unit and furnace to mounted integrally with its 
Raising and lowering euul protect the operator from radiation ponding collimator objective 


furnace for loading of the ) Che light from the optical unit travel ! nitial eparation ol the objec 





Micrometer drum 
- Folded telescope 4 ® > Viewing microscope 
Mercury arc lamp Reticle 


A 
| Condensing “ 


Specimen lens 
~ 


Leod gloss 
fi 
_ 


’ 
‘ 
' 


Upper « ollima ting objective 
correcting wedge ond 
Condensing penta prism assembly 
lens movable 
Lower byective and combining 
prism-wedge assembly stationary 














FIG. 2. Optical strain-measuring unit FIG. 3. Diagram of working parts of optical system 
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8 Raitroap Cars or 
BaRrYTES 


...an atomic reactor, recently under construction, required 
this large quantity of Barytes to be mixed in the cement for 


extra density... 


BAR-RAY 
swat Filled the Order! 


A POSITIVE TEMPERATURE CONTROL VALVE, one of the more 
than 150 standard stocked accessories manufactured by Bar-Ray to fit the needs of 
the x-ray industry. This unit is made of polished, chrome plated brass, factory pre-set 
at the desired temperature and will deliver up to 300 gallons per hour holding the 
temperature to plus or minus 1 F. The valve has two removable, basket type strainers. 


Priced at $57.00. 


p)\ Can Fill Your Every Need in the Nuclear Field! 


JUST A FEW OF THE STANDARD AND SPECIAL ACCESSORIES AND PROTEC- 
TIVE DEVICES DESIGNED AND BUILT BY BAR-RAY TO MEET SPECIFIC NEEDS. 
YOUR INQUIRIES ARE INVITED. 





Stainless Steel Processing Equipment * Isotope Fume Hoods and Labs « Film Transfer Cabinets * Thermostatic 
Valve Assemblies * Lead Lined Chests and Safes * Archer Lead Lined Aprons * Lead Protective Screens * Lead 
Insulated Hoods * Angiocardiograph Accessories * Lead Castings * Cobalt® Equipment * Lead Brick * Lead 
Lined Partitions * Lead Lined Observation Booths and Control Rooms * Water Coolers * Lightproof Shades * 
Film Loading Bins * Lightproof Ventilators * Thermometers * Water Fittings * Cobalt® Irradiators 











SOLD THROUGH YOUR DEALER SEND FOR OUR LATEST CATALOE 


You are cordially invited to visit our plant and tour its facilities 


BAR-RAY PRODUCTS, INC. 


209-25th Street, Brooklyn 32,N.Y. Telephone: SOuth 88-1020 


Evropean Representative: Mr. C. E. Ferrero, Via G Tomassetti 8, Rome, Italy 
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>PHVSICISTS 
> MATHEMATICIANS 
» and othr SCIENTISTS 


will find in CORG a small but 
rowing research group, where 
reedom to think and unlimited 
creative opportunities come 
first. Contact with many varied 
disciplines, excellent living con 
ditions, all usual benefits, make 
CORG “‘a good place to work.” 


for information, write to: 

ROBERT L. KOLLER 

6 Schouler Court 

Arlington 74, Massachusetts 
TECHNICAL 


OPERATIONS 


INCORPORATED 


—— i  # © 
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tives is equal to the specimen gage 
length of 1 in. At this 
micrometer scale and drum read zero 
The gage 
marks) are superimposed in the focal 


setting the 


two collimated images 
plane of a folded telescope and viewed 
by a microscope. As long as the sep- 
aration of the two objectives equals 
the separation of the two gage marks 


the The 


micrometer-and-objective-prism unit is 


images are superimposed 


mounted on a dovetail slide, moved by 
a knurled screw for focusing 

The movable objective attached to 
the micrometer screw is made to fol 
low the separation of the gage mark 
as the The 
tion is calibrated to 0.05 mils. Total 
the motion 1s 


This long range is 


specimen stretches mo- 


range ol micrometet 
0.5 in 
tant 


the unit to measure elongation to fail 


an inpor 


feature; it makes it possible for 


ure of many irradiated specimens 
For many materials this permits plot 
which is 


ol the 


ting the entire plastic range 
the study 
effects of radiation on materials 


advantageous in 
The illumination system of the in- 


strument consists of a high-intensity 
mercury lamp, condensing lens, and a 
front-surface mirror to reflect the light 
along the optical path. The mercury 
lamp, adapted specifically to fit the 


instrument, and the condensing lens 
ire adjusted to focus the light beam 
m the platinum gages 

All 


aligned on an aluminum base plate 


components are mounted and 


equipped with three leveling screws 
(Fig. 2) The three are simultaneously 
chain driven from a handknob for ele 
vation control 


The 


lower base plate with three pads. 


rests on a 
The 


leveling screws fit on the pads of the 


whole instrument 


lower plate. Two of the pads have 
curved grooves in which the leveling 
balls The third 


‘1 he screws are 


screws ride on steel 
screw 18 a pivot point 
in such positions that the guided move 
ment of the upper plate relative to the 

~ 
This 


permits adjusting the angle of reflection 


lower one rotates the instrument 


deg around the viewed object 


for optimum contrast 

The aluminum plate mounts on a 
heavy, flat, cast iron plate (Fig. | 
This plate has its own set of three level 
ing screws and is mounted on a table 
at the correct height in relation to the 


sight windows of the vacuum furnace 


Gage Marks 


The optical method of measuring 


elongation requires a puge mark on the 


























FIG. 5. Isometric view of tensile-testing 
apparatus shows thermocouple vacuum 
seal and air cylinder (A), upper and lower 
bellows (B), vacuum-seal-actuating cylin- 
der (of which there are 3) (C), furnace 
(D), heating coils (E), viewing windows 
(F), and vacuum port (G) 


specimen. Gage lines were inscribed 


on polished 0.25 0.56-in. platinum 
strips with a Bierbaum Microcharacte: 
Kach 
two gage strips, one with single lines 
the 
double sets of lines 0.0015 in. apart on 


instrument specimen requires 


0.03 in. apart, and other with 


0.035-1n. centers, 

Trials showed the necessity of more 
than 
viewing intensity 


lines for Maximum 


When one set can 


one set ol 


not be properly focussed, the entire 
optical unit can be raised or lowered to 
the next set 0.03 in 


strip with lines 0.0015 in. apart acts as 


away. The lowe: 
The single line of the upper 

the 
With 


the high magnification of the optical 


“a vernier, 


strip is superimposed between 


double lines of the lower strip. 


unit one can detect the slightest move 
ment of the single line due to elongation 
Welding fixture. The 


ge strips are bent and spotwelded to 
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platinum 





pecimen with 1-in. separations by 
‘f a special fixture. The speci- 
held tightly against the gage 


it ipered pin. 


Fixture-and- 
issembly are held in place by 
mary lower electrode 


A speci- 


wiy for testing is shown in 
Spotwelding of gage strips to 
ited specimens is done remotely 


ilticurie cell 


Vacuum Furnace 


The optical method of strain meas- 
ent requires a specially designed 
ce to maintain uniform tempera- 

stribution throughout the heat- 
imber. Other requirements are 
windows to view the gage 
special seals to maintain the 
icuum necessary to prevent sam 
lation, and remote control for 
of operation with highly radio- 
imples. An isometric section 

furnace is shown in Fig. 5 

upper and lower pull rods are 

ed to spherical seats in the cross 

The fur- 


er is supported by a special 


f the tensile machine. 
roy 
t that is attached to one of the 
ne columns as shown in Fig. 1 
oading of the specimen is as- 
isolating the weight of the 
from the pull rods and by using 
ind lower bellows to transmit 


otion of the rods to the furnace 


of the major design problems 
insure that the viewing win- 


thermal 
It would 


suld not induce a 
t along the specimen 
wen desirable to have two large 
g windows located opposite each 
However, preliminary calcula 
ed large size to be impossible 
en-temperature differences of 
1° C were to be maintained 
ils were required in the cen- 
the furnace It was found ne« 
to use four small tubes—shown 
© that temperature-gradient 
i be met 
ce is designed to operate 
im of 800° C with a vacuum 


f He 


Thermocouples are 


when clean, dry 
through a vacuum seal 
n alr cylinder mounted 
ge of the upper bellows 

operated remotely by 
three horizontal air cyl 

This breaks the vac 
veen the upper bellows 
Then the 
Thomson ball 


lace proper 
iowered on 


means of a rack and pinion 
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Upper pull rod 


Spherical seat 
for axial loading 


it Specimen 
" 
n—- Platinum 


goge strips 


Specimen 
grip 


Lower pull rod 











FIG. 6. Grips |that hold tensile specimen 
are remotely loaded after furnace is re- 
moved 


After 


the furnace has been lowered to expose 


mounted on the tensile column 


the grips, the tensile specimen is loaded 
remotely into the grips as shown in 
Fig. 6. The specimen is remotely ro- 
tated in the grips until maximum re- 
flectivity is obtained from the platinum 
strips when viewed with the optical 
unit. The furnace is then raised into 
position for viewing through the quartz 
windows and the horizontal air cylin- 
ders are actuated to effect the vacuum 
seal, 

The furnace is designed to travel up- 
ward at half the speed of the upper pull 
rod, This movement permits use of 
and still 
50% elonga- 

The test 
ing machine and furnace are enclosed 
thick lead-brick cell 
located at 


0.5-in.-diametet ght tubes 
the operator can measure 
tions with l-in. specimens 
in a 6-in Lead 
glass window ure appro 
priate positions, and an optically flat 


lead-glass window is used for trans 


mitting the reflected image of the gage 


strips to the opti il 


telemicroscope 


Vacuum System 
The 
an NRC H-4-P purifying-type oil dif 


ultimate vac 


vacuum tem is built around 


fusion pump with an 
uum of 4 * 10°’ mm of Hg and an 
NR¢ The dif 


fusion pump | a 500-liter/sec speed 


1S mechanica pump 


in the region of 10-? mm of Hg. In 
the hot achieve 
the design vacuum of 10-* mm of Hg 

A valve between the 


outgassed 


irnace we 
diffusion and 
checking 
\ Model 


mechanical permite 


the condition of the 


puln] 


latter 


Vg me Zelemeleliate 
Com -) miei) 
lar-le)el-Jemce) 





We think it is 
smarter to play 
safe all the time 
Observe every 
safety rule 
and use 


yanQde 


FITTINGS 





GET ALL THE FACTS: Write for the 
Swagelok catalog. Address Dept. J3 


CRAWFORD FITTING CO. 


884 EAST 140th STREET 


CLEVELAND 10, OHIO 





Lay Ve]? Vale], my .\, [eo 
LIGHT SOURCES 


x 
hi 
x 
P| 
n 
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& 


U. S$. Radium Corporation — established leader in application as well as packaging and sale of 
radioactive materialsoffers a broad line of radiation sources for research and development, 
process monitoring and contro! and illumination 

BETA GAUGE SOURCES Beta sources in a wide range of intensities and energies are now avail 
able. Sources, which include Ra, RaD, Sr’, T1**, C’*, Pm’*’, Ni®*, Kr® and others, are sealed, 
corrosion-resistant and available in a number of shapes and sizes. 

GAMMA SOURCES—U. S. Radium gamma sources include either natural or artificially-produced 
isotopes, covering a broad energy range—Ra, Co”, Cs’, Cs’, and Eu’. All are encapsulated, 
hermetically sealed and offered in point, cylindrical, linear or other special forms 

NEUTRON SOURCES - Neutron sources now obtainable include radium-beryllium, radium D 
beryllium, polonium-beryllium or actinium-beryllium. Sources are encapsulated in Monel or stain- 
less steel, equipped for magnetic or mechanical handling. Units are supplied either calibrated 
or uncalibrated 

ISOTOPE-ACTIVATED LIGHT SOURCES —Light sources, which provide constant light output with 
no power and maintenance requirements, utilize beta-emitting isotopes. Units are hermetically 
sealed in plastic, glass or plastic-glass cells. Color range covers the entire visible spectrum 
Brightness levels to 1000 Al 


OTHER ISOTOPE-ACTIVATED PRODUCTS 
« Identification Markers (H®, Kr, Sr”, TI 
Po, Sr®’, Co 


visibility to 500 yards 


U. $. Radium Corporation 
* Radioactive Foils (Ra, RaD will consult on application 
* Emergency Markers (H", Kr®, Sr®, TI of radiation sources to your problems 
¢ Luminous Compounds (radium, polonium activated 

Request literature from Department F3 


Foi 


RADIUM 


¢ Static Eliminators (radium, polonium activated 


UNITED STATES RADIUM CORPORATION Morristown, N. J 


Affiliates 
CANADA: Radelin-Kirk Ltd., 1168 Bay St., Toronto, Ont 
EUROPE: U. S. Radium Corp. (Europe), 36 Ave. Krieg, Geneva, Switzeriand 


4624 W. Washington Bivd 
Chicago, Iilinois 


5420 Vineland Ave., 
North Hollywood, Calif 
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FIG. 7. Stress-strain curves 
with mild steel and 347 stainless 


measured 


ve and a the rmo- 


close to the 


N RC ionization g 
gage are in 
as po ! All valve ure 

single 


pneumats il ( led from a 


\ 36-in connect the 


nh pulnping 


long bellow 
tem to the vac- 
port of the tensile 


brought through the 


furnace The 
bellows i 
| 


id-brick cell and permits the move- 


ind lower the 


necessary to raise 


Results 

The furnace ha been calibrated at 
(00°, 500°, and 700° C (572°. 932 
| 292° |} 


on the 


and 
with thermocouples located 
pecimen and on the grips 
After reaching equilibrium at eac h tem- 
perature the maximum difference be- 
tween any of the thermocouples Wis 
C, and the 
vas less than +1° ¢ 
lo evaluate the 


of the 


temperature fluctuation 


operation and accu- 


equipment, tensile tests 


re made at room temperature ind 


ibove using unirradiated 347 stainless 


teel and mild steel. Our results were 


in agreement with those of conven 


tional Some of them are 


methods 


shown in Fig. 7 Figure 7 illustrates 


the unit’s ability to measure a rela- 


tively large elongation The unit has 


ilso been used successfully in obtain- 


stress-strain curves of irradiated 


ing 


pecimens 


* * 


The authors wish to thank the Gaertner 
ntific Corp. and the L. H. Marshall Co 
ydumbua. Ohio for their valuable contribu 
and assistance in the construction of this 
yuipment The technical assistance and 
of R. S. Kempe W. S. Kelly, and 
Watts, Hanford Atomic Products Oper 

in the operation 


ciuled 


of the untt ts greatly 
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Gamma-Ray Heating in BSR 


By F. T. BINFORD 
(} j e Natio 
f) T'enne 


the rate of 


lead 


reactor cores 


etermine panini 


In Aluminum iron, or cop 


ctures near tem 
tures of these materials were meas 

gy heating in the gamma field 
Reactor (/ 


being 


sulk Shielding and 


alter removed 
The results are valid 
ign of reactor struc 
gamma spectrum Is 
same as that of the BSR 
lem of determining tem 
ribution instructural mem 
a Trequent design 
sull 


heated 


structure 1s 
the core to be 
the deposition of energy 
must be 


radiation it 


ent excessive tempera 


vls of calculating such 


tributions are well 
heat-generation rate 
ints of the material, and 
method of heat re 


it often is difficult to 


ol the 
But 
heat-generation rate itself 


heat-generation rates 
materials of the Oal 
Reactor, experiment 

y the BSR 


nmany respect 


which 


Experiment 


Figure | shows the experimental ar 

loading 

ited that heat 

of the metal sam 
nm the 

high to obtain satisfactory 

Chus, the 


Sintiipole iis 


rangement and the core 


Preliminary tests i 
loss from the uri 
ples immersed direct! water 1s 
too tem 
perature rise small eylin 
drical test suspended from 


the thermocouple wires inside a 


, 


capsule as shown in Fig 
The 
sisted of position 


experimental! procedure cou 


ie the 


cap ule con 


taining the samp the center line of 


the BSR core at a predetermined hori 


the reactor by 


| he 


rough 90 deg 


zontal distance fre 


hanging it ft 10-ft boom 


boom was then r ited tl! 


to remove the i ile from the viemits 


tarted 
tuts 


ol the core ne! i ol Vis 


tead 
the 


up, and whet 


power level capsule 


was swung b position and the 
temperature corded a8 a 


After ible 


occurrer 


function of 

time temperature 

rise 

swung 
| 


COoOrMng 


awit 
curve 
The mens 
sample were 1 
reactor and at distances from the 


and 9 in | 


core 
ot 5, 6 or aluminum and 


iron, the heat generated in the samples 
was 


the 


lower and it was not possible at 


power le | ilable to obtain 





4e 0 reflector 
pieces 


Fuel element 


trol rod 


Temperature 
recorder 














1. For each experimental run, sample was placed in gamma field of BSR while 


it operated at constant power level. 


When suitable temperature change was indi- 


cated on recording millivoltmeter connected to thermocouple embedded in sample, 
the sample was removed from gamma field and rate of cooling was observed 


Water temperature in 20 X 20  40-ft pool remained constant at 
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90° F 


TTS TF) 
Periscopes 


AT 
HANFORD 


SAVANNAH 
RIVER 


NAVAL 
RESEARCH LAB 


IDAHO FALLS 
LIVERMORE 
CINCINNATI 
OAK RIDGE 


Check these advantages 


Sharp Definition and Clarity 
True Color 





Complete Reliability 
No Operating Cost 


Avaliable with 

these custom features: 
SELECTIVE MAGNIFICATION 
REMOTE SCANNING 
WIDE FOCUSING RANGE 
"NON - BROWNING" OPTICS 
BUILT-IN RADIATION SHIELD 
INTEGRAL CAMERA ADAPTER 
MICROSCOPE RELAY 
BINOCULAR EVEPIECES 
UNDERWATER OESIGNS 


Send for Bulletin 301 


4 
‘ . A\ TIT | 
Uptical 


« epetcarerat A'S 84 


me 


Northampton, Massachusetts 








Water proof 
plastic tube 


effective 
solution 
for 
shielding 
windows 


Lead to 
netrument 


ES 


Sample 


AAAS & 


Thermo 
couple 


Bright os 
aluminum 


Ss 








radiation 
shield 





- 5 dio - 


Aluminum Capsule Bross Capsule 
no radiation shield) (radiation shieid) 











THE PROBLEM OF SHIELDING VIEWING WINDOWS is solved FIG. 2. Irradiation capsules. Three 
needles kept samples from touching cap- 
sule wall, which stays at same tempera- 
compound, proved satisfactory and in compliance with all AEC ture as surrounding water. This elimi- 

nated convection currents that might 
specifications, is offered by Michigan Chemical Corporation, a quality cause changes in heat-transfer coefficient. 
There was no significant difference in 
results between two capsule designs 
whether vacuum was maintained or 
For further information let us send natural circulation was permitted through 
! thermocouple tube 


with an optical grade solution of zinc bromide, Prompt delivery of this 


producer of chemicals for more than 20 years 


you a reprint of an article from 
NUCLEONICS “Design and 


, *” reliable results at distances greater 
Construction of Viewing Windows”. ae 


than 4 in. from the surface of the core 


MICHIGAN CHEMICAL CORPORATION Analytical Method 


522 Bankson Street, Saint Lovis, Michigan 
If a small solid body has thermal con- 


k, and if, starting at some 


0, heat is generated in it 


SPECIALIZED uniformly ata constant rate Q (energy 


unit time/unit volume), and if L is a 


characteristic dimension of the body 


LABORATORY EQUIPMENT a 1 if the quantity QL? 2h is mall, 
then the temperature of the body can 

IN STAINLESS STEEL be considered to be virtually independ- 

ent of position in the body. Further, 

OR TRANSPARENT PLASTIC if heat is lost from the body only by 
conduction at the surface, and if the 

rate of loss of heat ts proportional to 

. : the temperature difference between the 

Flush Rim Sinks body and its surroundings, then the net 


Transparent Plastic Hoods change in heat content can be written 


; dot 


Low Humidity Dry Boxes Vel — QV — hSO(t 


Biological Refrigerators vhere the temperature of the surround- 
ngs has been arbitrarily chosen to be 
zero, and 4 volume of the body, 
Bacteriological Transfer Hoods ( pecific heat, p = density, 4(t 


: temperature of the body at time ¢, é 
Laboratory Furniture ct helen aoiiilek i aie 


Radiochemical Fume Hoods 


effective in heat removal If the initial 

We will also design and fabr 
1) equipment in. stainless 
transparent plastic to meet y ( erature at time f Is 


temperature of the body is zero, tem- 


LOW INTENSITY ORY BOX 
jval requirements Send for 


1] bulletins on any of these iter 


4 Low cost in-stock equipment available 
ro vhere for convenience we have set 
> P.M. LENNARD COMPANY, ING.00p0.N 4.1/1 gud ) = hS/CoV, whence 


P.O. BOX 56. VILLAGE STATION. N.Y. 14, STERLING 9-2420 7 pCr o 
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has initial tempera 
eat generation the net 
content becomes 


dahit 


V pt ASO(t 


at 


rature at time ¢ Is 


bs 


lue of A in Eq. 5 is the 
ilue of A in Eq. 2 
body is heated to a tem 
then the internal heat 
ed and the body allowed 
ilue of A can be found from 
the cooling 
A and the known 
the constein w can be 


plot of curve 
value ol 
ind ¢ 
ited. Once these constants are 
substituting some Known pair 
ies of t and @(t) into Eq. 2, the 
equation, yields Q 
Advantages of the method. Pro 
it these assumptions are valid, 
ethod of the heat 


main advan 


determining 


tion rate has two 


1) the physical constants 
the 
ity and its specific heat 
iltering the heat 


S, or the heat-trans 


only 
necessary to know are 
either 
ent, A, itis possible to adjust 
temperature rise to a con 
f without 


either 


the necessity of 
absolutely 

The 
cdvantages include the fact 
and C 


Disadvantages of the method. 

k, the conductivity 
“at, vary with tempera 
these variations can 
f the proper temperature 


lor ¢ 


fC’ increases about SY 


kample for alumi 
100° ©, while the value 
irtually constant over 
In these experiments 
| / re assumed constant 
tion of h with temperature 
the conditions at the sur 
the surface of 


with water 


' | 
example 


ept in contact 
permitted to become 

convection current 
affect 


show tl this prob 


ill materiall 


Results 
typical cooling 
hown in Fig. 3 
vere chosen from 
id, using the cor 
A taken from the 
ilculated 


of these values 
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Pb ot contact 
(04 Mw) 


i 


~ (1:0 Mw 
3 cee 


Fe ot contact 
O35Mw) 


le 


™ 


b 


Temperoture lorbitrory units) 


5 er eer 
Al of 2°(035 Mw) 


6 120 180 
Cooling Time (sec) 


Ql ee 
255 











FIG. 3. Typical cooling curves. Values 
of A were determined from these curves, 
and corresponding of uw were 
calculated using Eq. 3, with Pb, Al, Fe, and 
Cu assumed to have C 0.032, 0.23, 
0.115, and 0.094 cal/gm C, respec- 
tively, and p 11.3, 2.7, 7.87, and 8.94 


gm/cm”, respectively 


values 


and to determine whether the heat-loss 
term was indeed proportional to the 
difference in temperature between the 
each of 


sample and its surroundings 


the heating curves was reconstructed 


using the calculated value of Q and the 
from 


corresponding value of A found 


the cooling curve. In every case the 


calculated heating curve was an accu- 
rate fit to the 


several typical fit 


experimental curve; 
are shown in Fig. 4 
The averages of the numerical results 


are shown in the table and Fig. 5 


Significance 
The 
these data to design problems depends 


f the 


appropriateness = ol applying 


on an understanding conditions 


of the experiment 


Heat-transfer mechanism. As is 


shown theoreticall the character of 





A -tespeninnin 
td 4Mw 
vA 7 confaoct 
(OMw 
/ Fe at contoct 
VA (0 35 Mw) 
SL 


—— 


20 
Heating Time (sec) 











FIG. 4. Typical heating curves showing 
fit of cooling data. Solid lines are 
experimental curves; points are values of 
A(t) from Eq. 2 using calculated values of 
Q and yu and the experimental values of A 


SCINTILLATION 
PURITY 
CHEMICALS... 


and Thompson 


In addition to their range of organic and in- 
organic crystal and plastic phosphors, Nash 
and Thompson Limited can now supply a 
number of chemicals of scintillation purity 
for use by research workers and others who 
wish to make up their own scintillators. 
The scintillation 


available include 


purity chemicals now 


oxazole 


6.86.0.-25-4 


(4-biphenyly!) 


5 Dipheny! oxazole 


D.P.H 1.6 


Dipheny! hexatriene 


4 (2-(5-phenyloxazoly!) benzene 


LJ - 
and Anthracene, Stilbene, Para-terphenyl 


and Naphthalene 


Detailed ven here since 
these depend upon the quantities required. 


receipt of 


prices cannot be gi 


Quotations will be given on 


requirements 
DETAILS 


TODAY FOR FULL 


Nash 
and Thompson 


LIMITED 


WRITE 


OAKCROFT ROAD., CHESSINGTON, SURREY, ENGLAND 


TELEPHONE ; ELMBRIDGE 5252 
WHG/NTSO 
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WHAT THE MARTIN “GAMMA FACILITY” 
OFFERS TO NUCLEAR ENGINEERS 


The important new Martin Gamma Irradiation Facility is 
being used to explore the behavior of materials in a radiation 
environment. 

As part of the Martin Nuclear Division Laboratory, this facil- 


ity is pioneering in the use of high-energy gamma radiation for 


diversified studies on radiation-induced changes in organic and 
inorganic materials. 

ixperimentation in this laboratory runs the gamma gamut 
from fundamental studies of reaction mechanisms in radiation 
chemistry to the whole new science of materials development for 
the space systems of tomorrow. 

There are exciting opportunities at Martin in this big new field. 

Contact J. J. Holley, Dept. N-03, The Martin Company, Balti- 


more 3, Maryland. 
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Average Values of Heat Generation 


Lh lance tron {vg heat 
reactor face generation 


in watts /gm Vu 


Lead 

Lead 

Lead 

Aluminum 
Aluminum 
Aluminum 
Iron 

[ron 

Iron 

Cu 





the procedure used here is such that it 
not necessary to know the actual 
heat-transfer mechanism beyond the 
fact that for each determination it de 
pends only on the first power of the 
temperature of the sample. This is 
verified by the shape of the curves 
Radiation losses. Heat losses by 
ordinary thermal radiation, which vary 
is the fourth power of the surface-tem 
perature difference, are kept small by 
restricting the temperature to which 
the sample is permitted to rise. That 
these losses actually are negligible is 
wtantiated by the fact that using 
radiation shield in some of the 
experiments caused no observable 
change in the result 
Conduction losses. The rate of 
heat transfer varied from run to run 
is evidenced by variation in the values 
\ Most of the heat loss occurred 
due to conduction through the thermo- 
couple wires and phonograph needles to 
the wall of the capsule and thence to 
the pool water, it is believed 
Sample thickness. It also should be 
pointed out that in these measurements 
the heat generation obtained is an aver 


ge over the volume of the sample and 





pre Face (ir 











FIG. 5. Gamma heat-generation rates in 
various metals as functions of distance in 
water from the BSR face; reasonably 
straight lines are obtained. Relaxation 
lengths are 4.5 in. for Pb, 4.3 in. for Fe, 
and 3.8 in. for Al 
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iffected materially by the thick- F - : ffi 4 t 
the sample. Lower results or economica | e icien 
be obtained for thicker samples . * 
Geometry and environment. In protection against Gamma Rays 
y pr results to estimate 
ructural members o1 
8 imple does not lie 
both the geometric 
| the effect of the presence 
juantities of other material 
taken into consideration 
tate the handling of the 
iation due to a change of 
the solid angles subtended 
it the positions used are as 
en distance from core ts 0 in 


3 in 1.447; 6 In 


Spectrum. The strong energy de- 
the absorption coefficient 
iaterials is well known (3). 
nges in the gamma energy 
result in corresponding 
the heat-generation rates 
i given energy flux is more 
producing heat in a thin 
orber if it is carried by many 
photons rather than by 
photons For this 
ire valid only in 
gamma spectrum 1s 
that of the BSR The 
trum has been measured (4 
” ens epee aor sag The low-cost metal, lead, is the most efficient protection against 
iter) from the reactor is gamma rays because it is the densest of readily available metals 
But very tte change & and because it does not become contaminated from exposure to 
noted over the short dis- 
e experiments. radioactive materials 
), 6) have reported 
6 Sy Gs meee Federated has designed many practical lead protective devices 
iperatures in various loca 
MTRandinthe LITR. In Among them are interlocking lead brick and convenient containers 
camape meagre’ ms om for carrying or shipping radioactive isotopes. Federated is constantly 
trum because of the pres / 
im and graphite su working with nuclear scientists to develop means of incorporating 
tions in which these lead into structures which must be impervious to gamma rays 
vere made, it is not 
re the results directly 
lf you are designing temporary or permanent structures to 


house or transport radioactive materials, Federated'’s experienced 


edges the assistance of 


S. Bettie and of the mem lead metallurgists will be pleased to advise or devise as required 
staff of the Bulk Shielding 


} 


ealigations poste Simply call your nearest Federated office 
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SALES AGENT FOR 


NUCLEONIC 


AND 


ELECTRONIC 


INSTRUMENTS » COMPONENTS 





TRIL 


TRIL is the magic word for the fastest delivery 
of Nucleonic and Electronic components the 
world over. TRIL means Terminal Radio Inter 
national Lid., leading U. S. in-stock export 
distributor and export sales agent for Amer 
ica’s largest manufacturers of Nucleonic and 
Electronic Equipment 

And, TRIL means §-P-E-E-D because TRIL deliv 
ers your order F-A-S-T-E-S-T from our own 
completely stocked warehouses 


VICTOREEN PRODUCTS 
COUNTER TUBES 


N 
y 
| VOLTAGE REGULATORS 


~ 


ere 


SPECIAL PURPOSE 
AND 


PHOTOMULTIPLIER 
TUBES 


xnrenere* ® 


Your request for technical bulletins and price 








HI-MEG RESISTORS 


Sub-Miniature Vacuum Type 
AX-1 (type 249) 


100 megohms to 100,000,000 megohms 


SUB-MINIATURE 
VACUUM TUBES-— 





MEDICAL 
RADIOLOGICAL 
INSTRUMENTS 


PERSONAL 
AND AREA 
DOSIMETERS 


CIVIL DEFENSE 
RADIOLOGICAL 
SURVEY METERS 





quotations on all your Nucleonic & Electronic 
requirements will receive our prompt attention 


ERMINAL RADIO 
INTERNATIONAL Ltd. 


135 Liberty St., New York 6, N. Y 
WOrth 4-3311 © Cable TERMRADIO 





APPLIED RADIATION 


With a beta gage inside the cylinders, carburetors, and 


Radioactive Plug 
Measures Deposits manifolds of an engine you can make measurements of 
engine deposits in a few hours that take hundreds of 
hours by conventional means, The way to do it has been developed at the Cali- 
fornia Research Corporation, * 

A plug with a radioactive surface is inserted into the engine as shown in the 
figure Deposits on the surface reduce the counting rate observed in a standard 
jig, and the decrease in counting rate indicates the amount of deposit 


Three different 
= Cooling fluid 


and they give 
out 


isotopes have been 


used the experimenter 


different 
With S** (87 days 


ranges oO! sensitivity. 


167-kev betas) a lY&% 


three 





change in counting rate corresponds to 
0.05 With Co” 
310-key betas) sensitivity is 


Thermo 
couple 


Union 


mg/cm? of deposit 


Rodioactive 
plug o.2 years 
A change, and with 


betas) it is 0.01 


0.2 mg/cm 
Ni®* (85 years, 67-kev 


per 1 


Rodioactive 


surface mg/em* per 1% change 


The S** 


ing sulfur 


surface is formed by deposit- 


either from a solution in 





mineral oil or from a dilute solution of 
A 0 l-uc deposit 
rate of 


immonium sulfide 
convenient 
With an electroplated 
polished and reused 


gives a counting 


200-400 
protective coating of inactive nickel, the plugs can be 


Cps 


repeatedly. Co and Ni®™ surfaces are prepared by electroplating. These are 


also overplated with inactive nickel. 

As shown in the figure, the plugs have separate cooling channels. The engine 
is run up to temperature with a dummy plug while the initial counting rate for the 
wtive plug is determined, Three hours of operation with the active plug is 
enough to determine combustion-chamber deposits tuns up to 8 hours long are 
used for induction-system tests. For carbonaceous deposits, absorption curves 
made with polystyrene or cellophane are accurate calibration. With more com- 
plex deposits, calibration is estimated from absorptions of pure materials 

The tests have satisfactorily determined the effect of running conditions and 
gasoline components on deposit rates, and they have given results that are sub- 
stantially in agreement with their more cumbersome predecessors 
were awkward and lengthy. There were 


All of the pre-beta-gage methods 


) 


three of them: (1) dissolving, drying, and weighing the deposit, (2) weighing engine 


parts before and after, (3) using secondary indices such as octane requirements 


The world’s biggest Co® irradiation facility—S85,000 


300,000 cures 


Cobalt Colossus Is 
Open at Oak Ridge 


has been placed in operation at Oak 


Ridge National Laboratory It is designed to make 


use of the radiocobalt awaiting shipment at the laborator The amount in 


storage is expected to be within the above limits at all times 
a 10.5 


Che irradiation volume is 10.5 & 12-in. space at the bottom of a plug 


that can be raised for insertion of samples and lowered for irradiations Cur- 


rently there are no provisions for circulation loops in the facility, but the plug 


does have two tubes that can be used for electrical connections to instruments 


means for high 


Scintillator Damage— Scintillating solutions may offer a new 


Future Dosimeter? dose dosimetry. In 


preliminary 
Argonne National Laboratory, I. B. Berlman has found 


xposed to 1-6 Megarep of Co gammas 


experiments at 


that when diphenyloxazole in xylene is e 


its effictency as a scintillator is reduced.t The height of the half-maximum point 


*J. G. Mingle, H. W. Sigworth, B. A. Fries 


2 660,678 


t 1. B. Berlman, ANL-5596 (Jul 


LY56 
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of the ( ‘ompton- 


vas used as & measure of 


cent efficiency 
ght output from further expo- r 
Co” gammas is plotted against a r 
milog paper, a straight line Or 


The effect shows no recovery 


Dosimetry based on the 
would consist of irradiating a 
solution with the irradiated 
ind then measuring the light 


excited by Co gammas with 


ik 


hannel analyzer 

in attributes the effect to de- 
n of the scintillator, increased 
tion in the solution, and some 


ned quenching effect in the 


} em. 
These con lusions have been 


rom tests made by irradiating | 


f = 

red solutions, irradiating the com- ee 

ts and then making the solution, | = i 
idiating only one component be- | bi Nhe 


tlle 


king the solution 


Tiny Pm'*' Battery Beta parti-| 
Uses New Principle cles from 
promethi-| 

te a phosphor, and a photo- 

orms the light into electrical | 

i new type of nuclear battery 

} t Van de Graaff injector tor a 

lemonstrated by the Walter pr hrote "FUR ESET ULM TTT 


3, and 5.5 million volts and 


ir Laboratories and the| 
in vertical configuration 


Co its developers | I= | 
types of nuclear batteries | 


55, p. 129, and Dee. '56,| the 1deal source is the 


one delivers a comparatively 


mr yon Van de Graatt 


arm particle accelerator because 


4 


, Penman » it produces a beam of any fundamental The Van de Graaff is being used 

] ‘ . in such diverse applications as 

SSSSETSTEEE TET EEE TEES —> particle or radiation — electrons, x-rays, 

} Plast i : Nuclear cross-section 

) = 4 protons, deuterons, tritons, neutrons; measurements 

Se Oates its beam is intense, homogeneous, of Cancer therapy 
Radiobiological research 

known energy, and of predictable direc- 

PSSSSSSSSSSSSSSseecuesccccccecce: oo Chemical catalysis and 

tion and dimensions; polymerization 


Chemical analysis of 


surface films 
controllable over a wide range of energies Neutron activation analysis 


/ 4 





> its beam characteristics are stable and 


Radioactive isotope production 
of the batter, Ask us for specific recommendations Industrial radiography 
inies of the isotope and de- on the application of Sterilization of foods & drugs 
20 vamp at ~1 volt It is es- Van de Graaff Cross-linking of polymers 
Instrument calibration 
b CORMART-CUFTERS sOUrES particle accelerators Radiation standards 
it that decays with the in your radiation Injectors for giant accelerators 
dioactivity 26y * searcl 
i it ) VI program. Metallurgical research 
in the sketch, Pm is Radiation damage 
Plastic Geophysical research 
Fundamental problems in 
physics and chemistry 


i Cds phosphor 





between phosphor and photo 
thick enough to stop the weak 
and prevent radiation 

1] The photocells 


iall or large and con- 


Hicgu VoLTAGE ENGINEERING CORPORATION 
“x 
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ries or parallel combinations 
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Ey, 

This name plate has marked 
the front door of Technical 
Operations, Incorporated at 
6 Schouler Court in Arlington, 
Massachusetts, since the com 
pany was founded in 1950 
Now, expanded into larger 
operations at Washington, 
D. C., Monterey, California, 
and Fort Monroe, Virginia, 
Technical Operations also 
moves to new offices and lab 
oratories in Burlington, Mas- 
sachusetts . 


for advanced 


RESEARCH and 
DEVELOPMENT 


for industry, business 
and government 


Here, at Burlington, as at 
Arlington and other facilities, 
senior scientists will find limit 
less opportunity in experi 
mental research and develop 
ment—in chemistry, physics 
nucleonics and electronics 
Challenging positions are 
available in theoretical work 
in physics, operations research, 
and other fields 


address 
Robert L. Koller 


TECHNICAL 
OPERATIONS 


INCORPORATED 


South Avenue 
Burlington, Massachusetts 


mie | 


oe galggetnernee 


| Applied Radiation (cont.) 


to provide electrical characteristics 
suitable for different purposes 
Shielding problems are small since 
Pm'* has no primary gammas A 
lje-in. dense-metal case stops the 
bremsstrahlung that are excited by the 
beta particles The shielded battery 
is 0.2 in. thick and 0.6 in. in diameter 


An advantage of the cell is relative 


temperature independence. It will 
operate with increased efficiency at 
temperatures down to 200° F and 
with about 70% of room-temperature 
efficiency at the boiling point of water 
The cost is essentially the cost of the 
Currently that 
is ~$500/curie, but the developers pre 
dict that 
separation plant is in operation at Oak 


radioactive isotope 


when the new  isotopes- 


Ridge the battery will cost $2-3 


New York Area Gets The New 
Service + Facility York area 
has its first 
privately owned gamma _ irradiation 
facility intended for public use {adi- 
ition Applications Ine has announced 
opening of their installation in Long 
Island City A 1,350-curie Co source 
is available to industry on a regular 
ervice basis. The company will per 
form irradiations for their customers or 
conduct entire research and develop 
ment programs on a contract basis 
Prices for irradiation exposures are 
$8/hr during the day and $2/hr at 
night 


for continuous 24-hr use 


(5 p.m, to 9 a.m ind $64/day 
Handling 
charges are $2.50 per operation by day 
ind $10 at night 
costs 


ind $12.50/hr at night 


Supervision 
experiments $7.50/hr b 

Phe movable-pig installation is pat 
terned after the one at Stevens Insti 
tute of Technology (NU, Nov. °56, p 
119 Phe cobalt is in four stainless 
teel-clad plates mounted on a plunge 
© that they can be lowered over a 
container in the center of the trradia- 

Maximum dose rate 
~500,000 r/hr in a 2-in 


volume 


ivailable is 
quare evlinder lithe in high The 
minimum dose in the irradiation vol 
ume when no absorbers “are present 
is ~40,000 r/hr at the corners Di- 
mensions of the shielded volume into 
which the source is lowered for ex 
posures are 17.5 * 17.5 & 36 In Ac- 
cess holes are available for flow 


experiments 








Now in Use 
in Thousands of Labs! 


PROPIPETTE 


« 
ma 
The safe accurate Pipette Filler for Iso- 
topes, Cyanides, Acids, Bacteria and Other 
Dangerous Solutions 
This amazing new instrument is now stand- 
ard equipment in government, medical and 
industrial laboratories throughout the na- 
tion. Offers more precise measurement (to 
0.01 cc), more complete control, and 
avoids all the risks of mouth pipetting 
Holds set level indefinitely, fits any pipette, 
operates easily with one hand. Order a 
supply of PROPIPETTES now, $6.90 each 


INSTRUMENTATION ASSOC. 
17 West 60th Street, New York 23, Dept. N.-3 
Circle 5-5590 


Send for current list of new scientific 
instruments 








and Alloy Pldfe ts 
GRAVER TANK & | 


EAST CHICAGO, 
Cifices in Prin 
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TECHNICAL ADVANCES 


Fluidized-Bed A new reactor concept, of which there are so many that 
Reactor Cores the nuclear engineering field may be said to be suf 
fering an embarrassment of riches, is being explored 

L.. Martin’s Nuclear Division. It involves having the fuel in the form 

articles circulating in a “bed” at the base of the (vertical) pipe carrying 

tream. In the offing are such advantages as uniform temperature 

burnup uniform and independent of power distribution, ease of 

luet removal, ease of fuel fabrication and reprocessing, and low fuel 


ompared with cire ulating fuel homogeneous reactors 


What is a fluidized bed? A fluidized bed is a collection of solid particles 
ite in a confined region as the result of the vertical flow of fluid past 
Such fluidized beds with gas as the fluidizing medium have been 
petroleum industry since the early 1940's to facilitate chemical 
lor example carbonized catalyst particles can be regenerated most 
issing hot air past the particles at a velocity high enough to keep the 
d off the bottom of the reaction vessel 
bed is in a fluidized state only over a finite range of fluid velocities 
elocity the bed is in a static state with the particles lumped at 
the vessel. As velocity increases the bed becomes semiliquid 
cksand; this state is characterized by a pressure drop that increases 
Finally a velocity is reached beyond which the pressure drop 
int lurther increase in flow velocity cau bed to increase in 
the particles are lifted off the bottom of the id circulate in the 
the bed. The bed surface is well defined even with relatively large bed 
deterioration of the bed takes place only when fluid velocity exceeds 
il”’ velocity (that velocity which bed particles would attain in free 
gh the fluid 
Application to reactors. The idea, then, is to make up a fluidized eritical 
Che fuel would be in the form of small particles of fissionable material 
out a protective clad. Moderation would be provided by the 
quid (light or heavy water or an organi bast tems with liquid 
lization are also conceivable Heat removal could be by the fluidizing 
by independent heat-transfer loops penetrating into the fluidized 
he fluidized region is characterized by a rapid and independent circula 
irticles the entire bed will be essentially at one temperature. By the 
burnup will be uniform among all the particl nee they “sample 
f the bed in the course of their circulation A striking feature is the 
f heat removal from the fuel particles—of the order of a few thousand 
ibic foot—thanks to the very high effective surface area presented 
particles. However actual heat removal from the core can 
liquid velocity required to maintain fluidization, which may 
1 fps. The small particle size offers another potential ad 
ge fraction of the fission products will recoil or diffuse out 
urface of the fuel particles. Fabrication costs should be minimal 
in a particularly simple form 
fluidized-bed reactors promises to be simp Ordinary control 
used, but might be dispensed with in favor of operation under 
it would be self-regulating The bed can be designed so that the 
independent of reasonable fluctuations in bed height Scramming 
mplished by cutting off fluid flow, because the ipsed bed can be 
to be subcritical 
What remains to be done? Clearly the entire study is in a very early stage 
erties of liquid fluidized beds are very little unde od, most chemical 
ipplications having involved a gaseous med Heat-transfer 
rticle erosion, and bed stability need to be studie ot more. Then 
further studies of the nuclear feasibility signed to make an inter 
concept into a useful one 
a a 


j ted at the Winter meeting of the Ame 1 Nucle octet ‘Co 
Division, Glenn L. Martin Co 
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This is @ new type boron polyester 
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NE 102 


Our new plastic scintillator possesses 
an extremely high light output (60-65% 
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performance at high counting speed, 
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for nevtron detection, and Scintillating 
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Nuclear Reactors for Research 


By CLIFFORD K. BECK (D. Von Nostrand Co., 


Inc., Princeton, N. J., 1957, 352 pages, $7.50) 


Keviewed by W 
Atomic Energy Dir 
cox Co Ly 

The 


Conference on the 


nehburg 


’ Proceeding ot Lhe ( Vii 
Peaceful Uses of 


Atomic Energy” contain, among other 


subjects, descriptions of most of the 
unclassified reactor project in the 
This 
righted From these 
Beck has done an ¢ 


sembling and editing the papers dealing 


world material is not copy 
proceeding ly 
cellent job in as 
with construction, operation, and use 


of research reactor Van Nostrand 
has published these edited papers in a 
single volume 

Last 


the nuthors ot the 


summer the publishers offered 


Lrious paper the 


opportunity of bringing their articles 


up-to-date, Some papers show appreci 
tuthor or the 


little 


uble editing, either by the 


editor, while others appear to be 
changed from their original form 
Because of the method by whi 
was assembled, the mater | doe no 
form a really coherent book on researc! 
reactors It is a collection of paper 
more ¢ lf ko 
it} | 


research renctor 


nothing 
the hook 


paper on 


open 


which their various feature 
pared ina very understandal 
but the only analytical 
research reactor design 
later in a few brief 
beginning of A. MI 
MTR \g 


reactor control is to 


on the 


there in several of the 
with different reactor 
is no unified, separate 
ubject 

The main topics co 
After 
finds a chapter on use 
tor Kasentially it cc 
by A. W. MeReynold 


Snell, and one by | 


lowmg Kowal 


The physies section of 
with recent research 
among other thing 
material in DD. J. Hu 
date The 


search Is 


ection 
more abbr 
nuthoritatively written 
biologi 


research and 


covered in 


102 


nt page ene 


i it result ol the juxt iposition ol two 
different 
startled by 


middle of 


papers written in entirely 


styles, the reader is mildly 
the sudden transition in the 
the chapter from McReynold’s formal 


presentation to Snell chatt 
conversation 

The papers that make up the rest of 
the book are 


descriptions of various research reactor 


devoted primarily to 


although much material 
cattered 


installations 


on reactor uses is found 


through these chapter Natural ura 
nium designs are covered in the third 
heay y water reactor inh the 


chapter 
fourth, the homogeneous iter boiler 
in the fifth installa 
using MTR-type fuel elements in 
the sixth 


Somewhat oddly, the | 


type and variou 


tion 
SSR. rea 


tors (with one exception) are grouped 
in a chapter of their own instead of 
being placed with corresponding types 
developed in other countries 

A brief but interesting chapter de 
cribing two low-power experimental 


fast reactors (really critica semblies 
built 


These were cor 


in Knglend concludes the book 


*ructed for the purpose 


of studying the neutron physics of a 


fast power reactor Some of the early 


results are given along 


vith the des« riptions ol the reactor 


experimental 
One peculiar feature of this volume 
that attracted the reviewer 
the absence of cost data In the case 


ittention 
it least one paper t} Information 
is bodil 
yublisher 


removed b the editor o1 


Die Technischen Anwendungen 
der Radioaktivitaet 
By E—. BRODA and T. SCHOENFELD (VEB 


Verlag Technik Berlin, Porta-Verlag Muenchen 
956, 313 pages) 


inter! 


Lp poise 


during 
cupied b 
lores incl it 
ill the refs 
to permit them t« 


excellent re if MO} 


Chere are more than 1.500 reference 
issed in the 


book mong 


ve than ZSO from the 


vhich makes it e 


for the American 


ven more interesting 
reader 
The book is written in easily under- 


standable German, probably because 


the authors for many years spoke only 


ienglish 


hortened 


an experience that probably 


their German sentences. 


Dr. Broda was active for many 


it the 


yeurs 
Universities of Cambridge and 
and Ds 


private in the I s 


Kdinburgh Schoenfeld was a 

Army during the 
ars 

Che book is divided into 13 chapters 
vers fundamentals of radio- 

measurements, preparation of 

fundamentals of 


\lore ex- 
cover the tracer tech- 


elements, and 


tracer metals in engineering 
ten ( chapters 
chemical and 


nique if engineering 


metallurgy ind other chapters are 


devoted to the application of radio- 


materials in the paper silicate 
food 


The importance of 


ict ‘ 


plastic pharmaceutical and 


other industries 
trace! in agriculture is 
The effects of 


irradiation on the physical properties 


radioactive 
Ling well covered 
of solids and gases and the reactions 
to these effects are 
issed 


extensively 


\ name index, which would make the 


ok more valuable missing. How- 


the extensive index is 


subject 


irelully prepared 


BOOKS RECEIVED 


The New World of the Atom, by James 
Washburn, Inc New 


1957, xvi + 28S 


StLOKK Ives 
York 
T'o be 


pages $5.50) 


renewed 


Notes on Atomic Energy for Medical 

Officers, by The Royal Naval Medical 
School (Philosophi Librat Ine 

York 1956 t 16S 

Phi POOF 


flicer concerned 


pages 
prepared for 
with the 
Included 


ol nucieal Wiariare 
etions o1 ut I physics radio 
nuclear losions, Instrumen 
militar 

if t ition protection 


treatment ol 


ron H 
John 


1956 


Radio Telemetry, 2nd ed., by M 
Nicl ind Lawrence L, Rauch 
Wiley & Sons, Inc., New York 

Lye $12.00 \lethods, foun 


of telemete: ng 


ind tes hnique 
t! book Variou 


cope ol 


f multiplexing, modulation 
imentation are covered in 


omplete tems and data 
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Elements of Gasdynamics, by H. W 
ind A. Roshko (John Wiley 

In New York 

res $11.00 Although  in- 


1957, xv + 
for students in aero- 
tuthors believe this book 
il to others in the field 
ics Of compressible fluids. 
ire emphasized with 


ss1on ol appli ations 


Stress Corrosion Cracking and Em- 
edited by William D 
Wiley & Sons, Ine., 


202 $7.50) 


brittlement, 
hobertsor 


York 1957 pages, 


Or based on a symposium 
Division of the 
Boston, 


develop- 


the Corrosion 
emical Socety in 
Major research 
the past twelve years are 
uding the experimental 


ispect of structural 


Applied Electrical Measurements, by 
| i’. Kinnard (John Wiley & Sons 
| p A York 1956 117 


Slo Phi covers theory of 


pages 
book 
measurement of elec- 
es, and measurement of 
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OOF ( ., Ine 
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334 pages, $7.50 
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TO 


SEE WITH SAFETY 


The Budd Company picks 
Corning Radiation Shielding Windows 


A thirty-six inch thick window—as 
clear as crystal—lets workers at The 
Budd Company's Nuclear Systems 
Division study radioactive materials 
with safety 


Nuclear Systems 


to promote and facilitate broad re 


was established 
search with extremely strong sources 
of penetrating radiation. Budd’s new 
Phila 


tailor-made 


nuclear facilities located in 


delphia are providing 
radioactive sources and facilities for 
companies conducting their own ra 
diation research program 

and leader 


Corning s reputation 


ship in the technical glassware field 
plus the fact that th can supply 
completely packaged assemblies tail 
ored to specific shielding needs, is 
the reason that 


250 Corning window 


there are more than 
in ma- 


the 


in USC 
jor installations throughout 
country 


Fasy 


stall, Corning 


to specify, purchase and in 


radiation shielding 


v 


windows provide maximum shield- 
thickness. Their 
remains rela- 


ing in minimum 
amazing transparency 
tively undarkened by radiation 

Fill in the coupon below to re- 
ceive your copy of Bulletin PE-SI, 
Corning Radiation Shielding Win 
dows.” It gives complete information 
about these windows, the glasses in 
them, their characteristics, and their 


applications 


CORNING GLASS WORKS 
16-3 Crystal Street, Corning, New York 


Please send me a copy of your booklet 


ndows 


Corning Radiation Shielding W 
Name 

Title 

Company 


Street 


CORNING GLASS WORKS 


16-3 CRYSTAL STREET, CORNING, N. Y. 
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etical physicists of the world has 
T a E S Hi oO R T E Ss T WAY : dian and At thie little 


re 


FROM™M . book, intended primarily for ‘‘ chemists 

=| and other nonmathematical readers 

HERE TO HERE New material is devoted largely 
chemical bonds and polyatomic 


molecules 


ALSO OF NOTE 


BUD SHEET METAL FABRICATION 


Whether your needs are for small or large 
quantities—simple or intricate designs—in 
steel or aluminum you can save time and Human Beings (T11)-5358). This re- 
money by consulting with Bud on all your port on the Marshallese and Americans 
requirements exposed to fallout following the det- 

Bud makes over 500 different styles and onation of a thermonuclear device, 
sizes of sheet metal products as standard items. March 1. 1054. was edited by E. P 
This enables us to meet your needs econom- Coonkite. V. P. Bond end C. L 
ically for a single part or for a specially de- Plininn for the AM 106 p. Super 
signed and fabricated production run. Often a 
slight change in one of our standard models 
will give you exactly what you want without 
requiring production equipment. 

Bud products are sold through distributors, 
we'll be glad to send you the name of your 
nearest one. Complete information about our 
products and services is contained in our Sheet 
Metal Products Catalog. Write us for a copy. 


Some Effects of lonizing Radiation on 


intendent of Dor wments [ S. Govern 
) 


ment Printing Office, Washington 25 
D. C., 31.26 


Die Reaktoren der Welt. This tabu 
lation of reactors is reprinted from Dye 
{lomwirtsachaft Over 300 reactors are 
listed under three headings: reactors in 
‘vice, research reactors planned and 


BUD RADIO, INC. under construction, and power reactors 


planned and under construction 1s p 


i. East 55th St. Dept N. Cleveland 3, Ohio Verlag Handelsblatt GmbH, Dusseldorf 
Germany, $1.15 


Nuclear Reactor Data, 2nd ed, This 
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NEUTRON OPPORTUNITIES ff) 2% 122 “xisting or detnitely planned 


in which few details are available Ke 


ietor ire classified b moderato 
SHIELDING RADIATION il ants rote need oman 
DOSIMETRY ing Co., Waltham 54, Maas., $1.00 


‘ ar Annals of Physics. This new month! 
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Electrical Engineers editor 1 P, M Vi orse assistant ec 
tors are B. T. Feld, H. Feshbach, and 


” ae . + Aslam Wilson Volume | number | is 
JOS . , _— 
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bad Inc., 111 Fifth Ave., New York 

« . d 
Abundant hydrogen in WESTLAKE °H Knowledge of Nuclear Physics vol. J ¥ dans 68.00: vol. 2 4 
M-W virgin Polyethylene makes this or Radiochemistry needed : . ——? 


tough, flexible, low-cost Thermoplastic 8/400 


No rey ) ** » nee ith 
an ideal Neutron barrier. Many forms ad i oxen : 

Dosimetry required . . : 
and sizes—large castings, heavy gauge Adaptation to lonizing Radiation 
molded sheets and large diameter ex e PB121352 A. T. Krebs and J. B 


truded rods and tubing—are used in This is a staff position which Storer. Army Medical Research Labor 


this service will challenge the most vivid 


*HIGH MOLECULAR WEIGHT imagination 


ito concluded from literature surve 


' ' > ] cl ‘ 
Also available with Boron additives for Please send resumé of education ind experimental studies that a lapt i 


Neutron absorption ind experience to Staff Em tion possible in certain tissues 
ployment Section 565 19 Office of Technical Services. U.S 


| k Department of Commerce Washington 
DS SCANDIA Pon’ 


Plastics co. 
Atomic Energy inCanada. This book 
144 W. Lenni Road, Lenni Mills, Penna | CORPORATION + 
In Lower Delaware Valley, U.S.A m 
New Phone No.; MEdia 6-5170 


is an enlarged and revised version 


of a booklet issued during the Geneva 
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Chalk River, 
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tech- 
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ZEEP, PTR 


section gives 


and 53 diagrams, 


mining #Are“as, 


la-India reactor near 


Deep River. General and 
lescriptions are 
NRI NPD 
IR reactors \ 

of atomic energy 96 p 
of Canada Ltd., Chalk 

rw, Canada, $1.00 
Energy Loss and Range of Electrons 
NBS Circular 577) 
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on the 
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Ni contains 
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nt Printing O fhice Washington 
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Tables of Chemical Kinetics, Homo- 
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tes and rate constants, includes 
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table 172 
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‘Ss 
? ‘ “perin 
Crovernment 


Wa hington 4 J). ¢ 


Principles of Laboratory Temperature 
Control, Electronic Relays, Thermistor 
Operated Temperature Control (PB 
Office of Technical 
S. Department of Commerce 


Dd. ¢ $1.50 


DD Dp 


Handbook of Commercial, Financial 
and Information Services, 5th ed 

le describes 776 organizations 
pecialized information on 
240 p 


sociation oI fi 


demand basis 
rte | 
York 3, N. } 


85.00 


Standard X-Ray Diffraction Powder 
Patterns This 


Bure Stand present 


NBS Circular 539) 
circular 
14 st rd pa ms, 23 of which 
iready presented 
data file 62 p 
t Printing Office, Washington 


o) sf) 


Statistical Design of Laboratory Ex- 


periments This volume contains a 
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Ol statistics in re 
luring a colloquim 
Naval 
1954 102 p 
U.S. De partment 

Wa hington 24 b. ¢ 
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a (em ea eS ES 
for radioactive 
AIRBORNE PARTICLES - GASES 
WATER CONTAMINATES (Soluble or Suspended) 


INDIANAPOLIS 


A./3,4 
AiR 
MONITOR 
Mobile 
Model AM 3-A 
(moving filter ) 


3,7 
Aim 
MONITOR 
Mobile 
Model AM 2 
(fixed filter) 


Records and warns automatically for periods up to one week, unattended 


omplete monitoring systems or individual units (illustrated) assen 
om standard components 


( 

fr 

Custom built to solve any monitoring problem 
[ 


bled 


Jesigned for absolute containment of sampled radioactivity 


NMC professional consultation included with eact strument 


Nuclear Measurements Corp. 


Send for 
FREE CATALOG 


International Office 





Men on the Move 


Now available 
in a new edition... 
with new figures. 


This popular booklet points up the 
important sales problem of personnel 
turnover in industry. Out of every 
1,000 key men (over a 12-month pe 
riod) 343 new faces appear .. . 65 
change titles... 157 shift... and 435 
stay put. These figures are based on 
average mailing address changes on a 
list of over a million paid 
to McGraw-Hill magazines. 


ubscribers 


Write us for a free copy 
Company Promotion Department 


McGraw-Hill Publishing Co., Inc. 


330 West 42nd Street, 
New York 36, New York 


2460 N. Arlington Ave. + 
INDIANAPOLIS 18, INDIANA 


Telephone: LIBERTY 6-2415 


13 E. 40th St., New York 16, NLY 





RADIATION INSTRUMENT CO. 


MERCURY PULSER 


Featuring Versatility and Precision 


MODEL 401 $1250 FOB PLANT 


SPECIFICALLY 
DESIGNED 
for the 
NUCLEAR 
PHYSICS 
LABORATORY 


FAST RISE AND EXPONENTIAL DECAY SIMULATES 
SCINTILLATION, PROPORTIONAL OR GEIGER COUN- 
TER PULSES FOR TEST AND CALIBRATION OF AMPLI 
FIERS, PULSE HEIGHT ANALYZERS, SCALERS, ETC 


Rise time: tess than 0.003 microsecond 
Decoy time: selector 
microsecond RC decay 


Pulse amplitude; | mV te | V in 
internal supply) 


switch fer 1, 10 of 100 


10 steps (from 

Provision for external battery for pulses wp te 45 
Volts (continuously veriable) 

Provision for calibration by external potentiometer 

Polarity switch permits selection of positive or nege 
tive pulses 

only pulses of desired polarity 

Electric 


Output contains 
Lotest improved Western relay 


Repetition rate 3600 pom 


mercury 


Precision Resistors throughout for high eccurecy ond 
stability 


Stable mercury cell, protected by AC relay 
shelf life 


RADIATION INSTRUMENT CO. 


?.0. BOX 733 SILVER SPRING, MARYLAND 


lasts for 
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to compliment you on 


SIMVAALLLL are 


has stimulated 
packless be quite interested in obtaining reprints 
valves lia 


Pyrophoricity—Plaudit 


Sik 


hould like to take this opportunity 
the article 
A Technical Mystery 
Attack This article 
considerable interest 
imong our Management and we would 


article 

P. W. Hows 
Health 
Hoke packless valves are Vuclea 
designed for tough applications, 
like critical high vacuums i 1 
corrosive or dangerous fluids — ¢ 


and high temperatures. Our experience 


Superintendent 
Sasely & Critically 
Fue Dit 
V athieson Chemical ¢ or poration 


ew Haven 


inion 


Olin 


Connecticul 


with these problems has resulted in a line 

of packless valves broad enough to suit most 
every need. The valves shown here are typical Hoke 
designs. These and others are explained in detail in Dy 
Bulletin PV656. Write for it. It's yours for the asking! 


Pyrophoricity—Enigma 


1k SIR 


Che article ‘ A Tech- 

nical Mystery under Vigorous Attack 
HOKE NI 
INCORPORATED erable interesting information both on 


Fluid Control Specialists the 


DEAN STREET, ENGLEWOOD, N. J 
AUTOMATIC I noted 


SIMPLYTROL Preomertes 


For Control of Temperature 


Pyrophoricitys 


Dec A p 2s) provided consid- 
mechanism of certain py rophori 
reactions and on particular incidents of 


metal fires and explosions 





however, that no reference 


is made to reactions between metal 


WASTE DISPOSAL 


* RADIOACTIVI 


© Explosives 


powders and chlorinated hydrocarbons 
10 standard 

ranges from 
200° to 

+ 3000° F such 





Phere are numerous incidents wherein 
pontaneous reactions have tran 


Accuracy 2 


limit of cali 


pired, not only with such : 


bration error) unfamiliar metal as uranium, but als 


¢ Pyrophoric Materials 

© Poisonous Gases 
Flammable Materials 

¢ Contaminated Equipment 
® Toxic Materials 

@ Acids and Caustic: 

COMPLETE SEA DISPOSAI 
Serving the U.S. Since 1946 
CROSSROADS maintains a personal 
pick-up service in New England, New 
York, New Jerse y. Ohio and Penna 
for safely dangerous waste 

material 
Waste can be 
from any outlying area 


proper t's pe contatr 
ROSSROADS 


removing 
shipped conveniently 
with complete 
instructions and 
ers designated by ¢ 
Authorized by all necessary 
Federal, State and Local Authorities 


wire for 
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mation 


Crossroads 


Marine Disposal 
26 T Wharf, Boston, Mass 
LAfayette 3.4908 


Corporation 





Sensitivity 
4 ohms per 


milliwolt 


Cat. No. 4535, size 10” 


° oe ae 
) 500°C 


$135.00 
Thermoc ouple type automatic pyrometer for con- 
and 


manufacturing processes. Leads between Simply- 


Range 0 


trolling temperature in furnaces or ovens 
trol and its thermocouple sensing element may be 
up to 100 feet or more depending on temperature 
range and lead wire resistance. Load relay, 5 am 
peres S.P.D.T. Optional heavy duty relays to 40 A 
AUTOMATIC LIMIT shutoff, An 


Simplytrol turns heat on and off to 


Either control or 
automatic 
hold required temperature. Proportioning effect 
can be increased or decreased by changing cam 
on the sensing cycle With shorter « ycles, control 


more nearly approaches straight line. A limit 
Simplytrol locks up when the trip point is reached 
and remains locked until reset. Use limit § 


simply 
trols for monitoring and safety shutoff or alarm 
wall 


Cabinet model for 


mounting or portable 
shown above, To the 
right is an MFP Simply 
trol for flush mounting in 
a cabir 


e!. Several other mount- 


et or control pan- 


Cat. No. 4532-MFP, 


n Ce ‘« 
i ata size a "28 


3s ore showr 
y 4-A your Range 500°F 
py. Assembly Prod- ba C. $127.00 
ucts, Inc., Chesterland 28, Ohio. Phone (Cleve- 
and, O.) HAmilton 3-4436. (West Coast:) 
Box XX, Palm Springs 28, Calif. Phone: DHS 
4-3133. Booth 232 Atomic Expo. Booth 3916 
.R.E. Show 


jeep 
Send for 


vith common aluminum powder 
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the carbon tetrachloride, ® arm industrial instrument 
for counting electrons 


Lexpiosion may occur 


Joun R. Bepewy, Group Leader 
Nuclear Division 
The Glenn L. Martin Company 


Baltimore Varyland 
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ittempted with a 

ime materials, a 

ion occurred, seri 
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The Beckman Model V 


Micro-Microammeter — panel- 


mounted for console or rack 


In an increasing number of technical 

fields, currents as low as a few thousand 

electrons per second are today too important to leave unmeas- 
ured. For the exacting demands of these critical precision 
applications, Beckman offers the instrument proved through 
leadership in nuclear technology: the Model V Micro-Micro- 
ammeter. It is sensitive enough to measure a millionth of a 
millionth ampere — full-scale. And reliable enough for reactor 
control. Write for Data File P-1-65, to Process Instruments 
Department, Beckman Instruments, Inc., Fullerton, Calif. 


With the Exclusive Beckman Vibrode® sealed, 
nitrogen-cushioned, vibrating-reed modulator 


Model V Specifications 


Detection range: Choice of 13 ranges between 3 x 10-1 and 3 x 10-7 


ampere. Accuracy and reproducibility 


+ 1% on all ranges. Stabil 


ity: Less than 1 uv zero drift in 24 hours. Unaffected by line 


voltage fluctuations between 


103-127 volts. Indication: Dual 


calibrated, 444” scale. Response time: Time constant (4.0 to 0.12 
seconds) varies with input capacity. Warmup time: Amplifier, 3 to 
5 minutes. Isothermal shield, 30 minutes, 


Beckman’ 


Process Instruments 
Beckman Inatrumenta, Inc 
Fullerton, California 
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Mark these dates: 
October 28 to 31 
on your nuclear calendar 


for the 


1957 Trade Fair 
of the 
Atomic Industry 


at the 


New York Coliseum 


Concurrent with 4th annual Forum 
conference, fall meeting of Ameri 
can Nuclear Society and annual 
conference of IRE Professional 


Group on Nuclear Science 


Details from Exhibits Dept 


Atomic !ndustrial Forum 
3 East 54 St., New York 22 








FILM BADGE 
SERVICE 


For Beta: 


© Doses measured from 10 mrep to 


® Body or wrist badges supplied 


For Gamma & X-Ray 


@ Sensitivity—as low os 10 mr per week 
‘ 


® Dose Range—!0 mr to 


@ Energy Range—50 KVP Xx 
yamma rays Severa 


mate effective energy 


For Neutrons: 


® Fast and siow neutror exe 


entiated by admium shield 


@ Proton tracks greater than 4 


observed at FOORK magnif 


© Enough film area 
average weekly doses of 4 


out. one year to withir 


@ Professional attention to each 
@ Permanent legal records « 


@ Postive « ray identificat 


HEALTH PHYSICS 
SERVICES, INC. 


1111 Low St., Baltimore 2, Md 
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if hloroethy iene 
vas attributed as 


' al Mnusual p ro 
phone metal ime ts has been large! 
conn high-valued metals widel 
neo re mMiioactive form in 
ti rgy field. The emphasis 
0 irticle results 
0 I . ( e area of particu 
lar interest to AEC in the pyrophoricit 
B. Smivrn, Fire Protection 
Enginee: 
Nase an ¢ Protection Branch 
nergy Comm or 
Washington, D. ¢ 
Pyrophoricity—A Safe Way 
DEAR SIR 
here at the Reactor Develo 
mel Division of Combustion engi 
I ng, Ine read with a great deal 
tour st your article “A Technica 
! Under Vigorous Attack ind 
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ident 
Wi Vere contronted oie tim 
th the problems ol Zirconium 
torage ind/or disposal Not 


} 


OXIDES METALS SALTS im to find an answer nigh 


ill-out effort w made to 


\itable solution to our aire 
MICHIGAN CHEMICAL CORPORATION NOW proposition 
PRODUCES RARE EARTHS in large quantities to 


exacting purity specifications. New research and plant 


ble amount 
nd experimentation we bel 
! 


have established a safe 


facilities staffed by scientific and technical groups, com om eT vie 
| operating procedure 


bined with the company’s fine chemicals and pharma- onium serap disposal, which 
iderable ce 


ceutical units, have made possible this progress in rare 
earth chemistry and metallurgy or 
rt ‘Zirconium 


Research facilities and personnel are available to help juer in indust 
he hand 
science and industry in the developn._nat of Rare Earth in the har 
ol 


oxides, salts and metals applications 
( i under tood r Heneve 


Write for information on availability of MC Rare ( might benefit by our experience 
Earth products and for technical data sheets on their b Agree Tas OB Arve 


nding torage na disposal 
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readers Af 
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»warD W. Krans, Safety Enginee: 
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* Trademark 
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the basis of Combustion's procedure is con 
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TERBIUM = present a pyrophoric hazard. We look 
forward to seeing his manuscript. 
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PRODUCTS AND MATERIALS 


pENERATOR 
oe 


SUPERHIEATER 





Steam Generator for Liquid-Metal Reactor Systems 


e show cale model of steam generator designe lor Use 


vith sodium 


ed rene tors 


Liquid metal is separated from H.O circuit by double 

Intermediate volume will conduct any escaping nd toa sale dump 
either le leaks 

lleat transfer is by conduction from inner pipe co liquid metal to 

Two pipes make clos 

diate sy Liquid metal 


ind bane 7 


e containing steam and water contact 
here longitudinal grooves provide interme 
travers of its volume, flowing in through the core tube 


nner-tube annulus Inner tube itself is dead-ended 


A moni 
varn of any leak 


erve not only to conduct leaking fluid awa stem 


can be foreed through them in normal operation 


tussell Co., Massillon, O 


PIPING COMPONENTS 


Chempump, 1300 ] 
Mermaid Lan ( phia IS, Pa 


(sriscom 


or lubrication 


Canned Pumps 


teel and 
start at 


tainless 
pPurlnpe 
vith insulation 
to 180° | 


) 


Tubing of Z oy-2, an 


Zirconium-Alloy Tubing 
illoy of 
of iron 


chromium n, and nickel, has 0.4175 


n single sealed zirconium imount 


eu tuffing boxes 
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in. od, O.030-in, wall, bot! 0.00] 
Oniginally designed for blanket assem 
blies of Shippingport reactor 


Norristown, Pa 


Supe 


rior Tube Co 


Plastic Valves 
Two types of pol nyvl chloride 
valves are offered for handling cor 


rosive fluids 


eye 
ball des ( 


or metal piping 


double-seal 

in be used with plasti 
Rating is 150 psi at 
5O psi at 130° | 
62 Millbrook St 


room temperature 
Jamesbury ¢ orp 


Worcester 5 Via 


r 


@(jlohe ind need 


ned for high temper 


pressure Operate il 


, 
170 psi and lower p 
170° | Chemtrol 


Ave L, nwood, Cal 


11 00 


Helel 
tandard 


Corrosion-resistant valves. 
and back pres ure il ‘ ti 
14-, 4 ;-, and l-in zes are con 
structed of corrosion-resistant mate 
rials, the top works protected by Kel-l 


thermoplastic diaphragm Operate 
it pressure to 1.500 psi and tem 
perature to 2” | Pre int 
mace with creyv \VIilton 
Roy Co., 1300 Mermaid Lane, 


Philadelphia 1s 


etting 


109 





———_—— 


Davison invites you... 


...to visit Booth No. 224 at the Atomic Exposition 
in Philadelphia, March 11-15. Meet the Davison 
personnel and discuss the products and services 
being made available to companies now working 


in or planning on entering the nuclear field. 


Progress Through Chemistry 


DAVISON CHEMICAL COMPANY 





Division of W. R. Grace & Co CS 
Baltimore 3, Md. and Pompton Plains, N. J. 


Producers of Catalysts, Inorganic Acids, Superphosphotes, Triple Superphosphotes, Phosphate 
Rock, Silica Gels and Silicofivorides Sole Producers of DAVCO” Granulated Fertilizers 














PRODUCTION OR CUSTOM 
METAL FABRICATION 


During the past ten years we have developed a special competence in high tolerance 
machining and spectroscopically tight welding for systems operating at pressures varying 
from 60 microns to 10,000 psi and over the full range of temperatures to 2,000 F 


WE FABRICATI FOR USE IN 
Stainless Steel Tanks 

Carbon Steel Pressure Vessels 
Inconel Heat Exchangers 
Mone! Piping Systems 
Nickel Glove Boxes 

Cop rt Specimen Holders 
Lead Radioactive Transfer Casks 
Alum num Retorts 

Titanium Furnaces and Ovens 
Zirconium Specialty Devices 


“If we can't perform, we won't bid” 


ADLER'S METAL WORKS 


STevenson 4-3837 Philadelphia 22, Pa 


1310 Germantown Ave 








Write on it TAPE 
STICKS WITHOUT MOISTENING 


RADIOACTIVE WARNING TAPE with RADIOACTIVE 
SYMBOL A quick, convenient method of labeling 
small bottles, boxes and source containers, | inch by 


G& RADIOACTIVE 














WRITE for YOUR FREE SAMPLE 
2,N. 


$5.85 per ROL 
28—22¢ ASTORIA BLVD., LONG ISLAND CITY 


Reiss: 











ELECTRONIC INSTRUMENTS 
AND APPARATUS 


Synchronous Drives 


For automatic sweeping with instru 
ments that have the company’s pre- 
cision dials, these motor-driven units 
operate in synchronism with x-axis of 
two-axis plotter.—General Radio Co. 
275 Mass. Ave., Cambridge 39, Mass 


Photomultiplier Photometer 
Model PH-200 is capable of using 
maximal perlormance characteristics 
of any commercially available photo- 
multiplier or photoelectric tube.—E] 
Dorado Electronics Co., 1401 Middle 
Harbor Rd., Oakland 20, Cal. 


LITERATURE AVAILABLE 


Polyethylene. Cutalog sheet details 
expanded foam polyethylene recom 
mended for radiation shielding 

American Agile Corp., 5461 Dunham 


Rd., Maple Heights, O 


) 


Rolling mills. Rolling Mills for 
Processing Nuclear Fuel Elements 
12 page booklet Stanat 


500 Shames Dr... Westbury 
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Electron microscopes. Brochure 
vive lata on construction, operation 
ectron microscopes North 
in Philips Co., 750 8. Fulton 

Mt. Vernon, N. ¥ 


Radiochemicals. Stock compounds 
e-exempt 50-ye quantities are 
ecial listing. —Volk Radio- 
| 5412 N. Clark St 
10, Ill 


Periscopes. Industrial periscopes 
sus types of remote observa- 
described and illustrated in 
bulletin.—Lenox Instrument 


2010 Chancellor St., Philadelphia 


Beta-gagecontrols. Accuracy strip 
t kme control systems for metal- 
ire described in 12-page 
Industrial Nucleonics 

205 Chesapeake Ave., Colum 


()} 


Metal laminates. Sandwiches of 
etals for nuclear power, con 
heat exchangers, etc., are de 
8-page booklet Bridge 
Co., 30 Grand St 
t 2, Conn 


Metallurgy. Folder describes plant 
: ties of metal lorming-equip- 
roducer Fenn Mfg Co 


Conn 


Closed-circuit TV. Illustrated 28 
lebook shows latest systems 
| black-white TV tadio 
America, 30 Rockefeller 
Y. 20, N. ¥ 


Ventilation. Corrosion-proof venti 
it nd exhaust systems are sub 
12-page literature 

\ Agile Corp., PO Box 168 


Be () 


INDUSTRY NOTES 


> William B. Johnson and Associates 

26, Libert st =" ure now 
‘ es in the East of Volk 

Radiochemical Co., Chicago, Ill 


& Packard Instrument Co., La Grange 
| ( lidwestern sales representa 
tive New England Nuclear Corp., 
Bi la 


— Detectolab is now merged with 
BJ Electronics, a division of Borg 
‘ ( inder the name Detec- 
tolab-B. J. Electronics, 3300 Newport 
Be . t Ana, Cal 
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lg HEALTH PHYSICISTS: 
ee 


Let T A help you develop your 
PERSONNEL MONITORING PROGRAM! 


Technical Associates has 
wide experience in the design and 
development of Personnel Monitors. 
Examples of this are the ALM-2 
Beta-Gamma Hand & Foot Monitors 
manufactured for the Argonne Na- 
tional Laboratory, and the HSC-1 
Hand & Shoe Counters built for the 
Hanford Works. 


These instruments do not require 
skill or technique by the user, and 
provide automatic reset to accom- 
modate a steady flow of personnel. 
The main difference between them 
is in the count rate meter principle 
used in the ALM-2 Monitor and the 
register read-out principle employed 
in the HSC-1 Counter 


ALM-2 


HAND AND FOOT MONITOR 
REGISTER 
READ-OUT 





HSC-1 
HAND and SHOE COUNTER 





inquiries Invited. In addition to the 
models shown, T A is prepared to sup 
ply Alpha Hand Monitors or any other 
type required to meet specific needs 


Write for complete catalog entitied 
“Instrumentation for Nuclear Research 


TECHNICAL 
ASSOCIATES 


Instrumentation for Nuclear Research 








140 West Providencia Avenue 
Burbank, California 








DECONTAMINATE 

RADIOACTIVE 
CLOTHING 

WITH AMERICAN 





world’s largest manufacturer of 
laundry and dry cleaning equipment 


Realizing the tremendous problem created 
by radioactive clothing 
Laundry Machinery Company has created 


a special department to provide nuclear 


I he Americal 


plants with modern, efficient deconta 


nation and laundry facilitic 


Engineers experienced in laundry plan 


ning and operation will survey yé 


prepare 


complete specifications for each 


American representative 
select the right machinery from a w 
range of automatically cor led 


saving equipment particu 


yur plant 
floor plan layout ind 


installa 


will help ye 
icle 
labor 


| uited for 


the decontamination and washing of work 


clothes exposed to radioas 


ind toxic 


materials 


For complete informatior 


American serves the atomi 


energy field, write for 


Bulletin 


2642 


You can expect more from 


z 
| 


The Amer 


an Laundry Machinery Company, Cincinnati 12, Ohie 


furnish 


u 


NEWSMAKERS 


Arthur E. Ruark, pliysir 
Alabama Univ lias 
ALC to head Project 
controlled fusion project 


prolessor at 
chosen by 
the 
He succeeds 


Ale¢ I 


bee tN 
Sherwood 


Lison 


Amasa S. Bishop, now 


iff aris 

Thomas H. Pigford, associate professor 
f nuclear and chemical ¢ ny 
IIT, has 
hairman of the department of reactor 
yineering at the new Hopkins L 

Diego \ 


mechanical and 


neering { 


joined General Atomu i 


itor in San peciaiist in 


the nuclear chemical 


design of power reactor he ha 


il 


pt | 
purin 


lone work in isotope separation 
materials and 


| ogethe r witl 


ition of reactor repro 


\I inson 


ny ol fuel 
Benedict he the graduat 
nuclear MI‘T 
Cseneral Atomic also engaged C, Arthur 
Rolander, deputy director of 
Ale iS assistant to division 
manager Hoffman 

in the Washington office of 


irent Crene ral 1) 


originated 
engineering program at 
ecurit 
gen 
Frederic de 
will he 
nid 


ne Wp) 
} 


(orp 


Control 
Nuclear 
th vice president Jerome Ottmar as 
Sidney Siegel 

engineering manager, Thomas Snyder 
and Arthur R. 


contract 


letals & Corp ia et up a 


eparate Products division 


yeneral manager, 
production manager 
Matheson «as manager of 


vwiministration 


Frank B. Huke hus been appointed sales 
manager ol Norton o. 8 new! formed 


electrochemical division, but will con 


e also as chief 
He has 
energy prog 


it, ( 


tinue to ser tom prod 


et been ociated 


vith 


engineer 
the 
metallurgical 
n the 

trict, 


atomu rram since 


hicag 


\I ill 


0 


project 
early da of tl 


ittan 


Serge E. Golian is now he 
branch at the Naval 


in Washington 


tor 


Laboratory 


John W. Turk has been named to the 
newt created post of nuclear ce elop 
ent engineer by Southwestern Gas & 


tric Co Shreveport La 


R. lL 
eader at Atomics International 


Carter, materials research 
has been named project engineer for 


royect primarily concerned with the 


technology ol sn~iium 


B. H. Colmery be 


suc- 


background 
graphite reactors 
came project manager lor OMRI 
ceeding G. V. Alevizon, transferred to 
elopment; Charles A. Trilling 


Til sile dey 


of the OMRE re 
velopment program Al 
welve to posts as responsi- 


rineer on @s 


ng many development 
G. O. Haroldsen on the gas 
R. H. J. Gercke on a 

ind gas solubility 
H. E. Kline on a corrosion study 
C. R. Davidson on hydraulic 


E. L. Colochman on 


oject 
eatment project 

properties 

nect 

ject 

of coolant 

opment of optimum hydrocarbon 

J. M. Davis on SRE hot cell 

S. H. Fitch on re 
elopment 

OMR 


int 
earch reactor 
WwW. W. 


power 


et element ce 
Scott on dynam 
ints; R. A. Atz on SRI 
ment; E. C. Phillips on SRE safety 
wl development; J. D. Howell on OMR 
ifet ind Jack 


icture and 


pulp ae el 


tem 


mtrol ind 


Jacobsen on OMR st 


pri- 


wee 


Lee |. Davenport, executive 


Perkin-l.lmer Corp 


pre 
Nor Valk 


utive 


aent ol 


hee nh hamed to an exec 


inia, preparatory to be 


ident of S inia-Corning 


pre 
ir Corp. upon its formation in the 


future 


Nuc Moni > has 
Robert H. 
with Atomic 5 


\erojet-Creneral 
vaged §. Nakazato 
Chesworth, both former! 


Inter 


Cli 
and 
itional, as nuclear engineers 

analysis on 
Chesworth to 
the 


ystems 


setor concept 


us re 


preliminary cle sigh on (ins 


I 


wled Reactor I:xperiment 


Sherwood L. Fawcett, spe 


nygineering and heat 


has been promoted to a 


irtment 


ae iD 


A. C. Menius Jr. ha 
head the physi 


been appointed 
department at 
rth Carolina State College, and will 
associated nu 
there He 
Clifford 


ibsence to Al ( 


ponsibility for 


ictivities 


e re 
ehyineering 
acting head 


Hit Deen ince 


Beck went on leave of 


imed man 


Paul M. Brister hia 
the 


engineering d ign section 


«& \ wo 


rineering 


ive! 


iulacturing 


Babcock 


| i el il Atomn ( 
Alan R. Pearlman chief « 


ippointed 
ngineer 


been appointed 


Resear¢ h 


Clarence Zener his 
ctor of the Westinghouse 
ratorie ilter hive ‘ars as an 
as acting 


staff 


ite director and a 


the 
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FILM BADGE 
SALES and SERVICE 


Neutron other 


and consulta 


Gamma, and 


ition monitoring 


reliable service 


Prompt 
NUCLEAR SERVICE LABORATORY 


4020 Buffat Road 


Knoxville 14, Tennessee 








KILOCURIE GAMMA 
RADIATION MODULE UNITS 


{ S Streneth and Radiation Cavity 
i M use local materials for low 
j Wwe upply basi com 


very 
parts of 


Karn Radiation Equipment 
518 Dickson Ave., Pittsburgh 2, Pa 











SEARCHLIGHT 
SECTION 


Classified Advert ng 
BUSINESS 
EQUIPMENT - USED 


UNDISPLAYED RATE 
$1.50 a« line. Minimum 35 lines 
DISPLAYED RATE 
$15.00 per inch 
ADVERTISING INCH: {” on one col- 
columas—30 inches—to a page. 


uma 5 





a TERRIFIC BARGAIN in a 


SOLA CONSTANT-VOLTAGE 
(RANSFORMER 


Ends fluctuating line 
voltage! 


BIG DISCOUNT OFF... 


factory price at a l-input 2,000 VA 
ad her bonus! This 
tock, Sola Cat. No. 30768. bas 
Kt) V.. 60 ey. or DO ey. leolated 
+ 1% from no load to full 
hoose, use itas a 220:115 V 
the factory |-input price! 


‘oe $147.50 


FOB 
EXPORTERS: Note choice of 50 cycles.) 








THE M. 8. COMPANY 


1220-D Beverly Hills, Calif. 


©. Box 








PROFESSIONAL 
SERVICES 








OMEGA ENGINEERING CO. 


engineering and piping design 
fluid systems, structural contain- 
st loops, purification systems and waste 
Mr. Brodsky 
70 East 45 St., N. Y. 17 

Murray Hill 9.7254 


Specialists in 


reactor 


stems. Contact 
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L. W. Fromm of A: until recently 
an EBWR project leade 


pointed project manager for 


yonne 
has been ip- 
ARBOR, 


the big new experimental! boiling reactor 


Carolina 


Charles W. Terrell, North 
State physict t, has been named super 


visor of reactor operations at Armour! 


Research Foundation 


dire tor ol 
Nuclear 


arbide’s 


Frank W. Hurd | 
research at Union ¢ 
Co He has 


atomic activit inet 


the new 
irbide 
with ¢ 

1944 


been 


AEC’s Office 
has set up an inspection division, with 
Leo Dubinski, formerly deputy director 
of the organization and ye rsonnel divi- 
ind H. J. McAlduff, Jr., 


resenre hy and develop- 


Oak Ridge Operations 


sion, as director 
formerly of the 
director 
the ad- 


Portsmouth 


division i deputy 


taunt 


ment 
Willis Hay, « 


ministrative | 


chief of 


it the 


ranch 


Ohio, area, succeeds Dubinskii as deputy 


director in organization and personne] 


Davis R. Dewey I} has resigned as vice 
president of High Voltage kngineering 
No SUCCEeSSOT } j et 


been named 


John D. Trimmer | heen placed in 
charge of nucleat ns deve lopment 
in the new systen ion of Bendix 
Aviation 


prolesso! at 


Corp He had been physics 
and a 


Oak 


Penne et | ny 
consultant o eactor control at 


tidge 


Paul C. Fine, an Alvé taff member 
1947 and most 


Jol tN 


since recently assistant 
von Neumann, 
d director of the 
Analysis and Plan 


\lanager’s Office 


to Commis 


lootie 
has been 


Office of ¢ per ition 


Ippo rite 


ning in the General! 


Victoreen Instrument Co. has elected 


Raymond F. Shima us executive vice 


and inl 
to hi 
He bee 


ofheer 


president veneral manager, 


addition former duties as 


treasurer the firm’s chief 


Oner 


executive succeeding resigned 


president Cyrus W. Haller. The presi 


will be left open until the annual 


Richard T. Brown, company 


dency 
meeting 
( le ected 


secretary, Wa e president 


Richard A, 
enginee! il 
died Dee, 25 
illne \- 


sine 


Fayram, 36, senior re 
Acrojet-General 


156 


seu;re h 
Nur leon s 


brief 


alter a 
with 
he 
of 
taught at 


in inated 
1047 


ipplications 


sudden 
the atomic energ 
specialized in n 
nuclear power iad 
received 


1955 to 


California | and 
a Fulbright scholarship in 
study nuclear pulsion in Oslo 


Norway 





HANDBOOK OF 
SEMICONDUCTOR 
ELECTRONICS 


Just Published. Practical, self-contained guide to 
the design and application of transistors, diodes 
and photocells. Explains principles of operation ° 
semiconductor devices, describes their fabrication, 
and deals extensively with circuit design and ap 
jlications. Prepared by 13 specialists. Edited by 
Pioyd P. Hunter, IBM. 604 pages, 464 illustra 
tions, $12.00 


ELECTRONIC 
ANALOG COMPUTERS 


2nd Edition, Just Published. Covers desi 
application of electronic computers of the 
analog type, including repetitive computers 
owe method for settin up problems; 
methods and techniques for desig ning 
and operating computers. By Granino 
and Theresa \ Korn, Consulting Engineers 
Ed., 464 pages $7.50 


PULSE AND 
DIGITAL CIRCUITS 


Just Published Tested methods of working with 
pulse and digital circuits used in such systems as 
analog and digital computers, radar, television, 
telemetering, ete Helps you analyze each circuit 

shows how it is designed—how it functions—-how 
it is best applied. By Jacob Millman, Columbia 
U. and Herbert Taub, C. C. N 687 pages 
872 illustrations, $12.50 





and 
d ‘ 
(ives 
includes 
installing, 
A. Korn 
2nd 
223 illustrations 





MODERN INSTRUMENTS ~~ 
IN CHEMICAL ANALYSIS 


Just Published. Scientifically accurate, yet not-too 
technical explanation of modern instruments, with 
emphasis on how they work and are applied 
Gives practical knowledge of the principles of 
operation and use, and how to carry out analyses 
By Frank M hiffen, Johns-Manville Research 
Center, and William Seaman, American Cyanamid 
Company 333 pages, 260 illustrations, $7.50 


MODERN MATHEMATICS~~ 
FOR THE ENGINEER 


Just Published. Presents refined methods of anal 
ysis and calculation ways to handle both 
simple and complicated design problems with 
Prgatest efficiency. Covers mathematics of proba 
yility, theories of prediction ames, dynamic pro 
penming etc By a group of specialists. Editor 
dwin F. Beckenbach, UCLA 16 pages, 97 
illustrations, $7.40 


SEND THIS FREE EXAMINATION COUPON 


: McGRAW-HILL BOOK CO 
327 W. 4\et $t., N.Y.C. 36 


Send me book(s) checked below for 10 days’ ex 
amination on approval, In 10 days I will re 
mit for book(s) I keep, plus few cents for 
delivery costs, and return unwanted book(s) 
postpaid, (We pay delivery costs if you re 
mit with this coupon—eame return privilege.) 
() Hunter—Hdbk. of Semiconductor 
ics, $12.00 
() Korn & Korn 
, $7.50 
& Taub 


easier 


inc Dept. FNU.J 


Electron 


Electronic Analog Com 


Pulse & Digital Circuits 


Mod Instruments in 


Chem. Anal., $7.50 
(.) Beckenbach—-Mod 
$7.50 


Mathematica for the 


Engineer, 


(PRINT) 
Name 


Address 
Clty 
Company 


Position 


For price and terms outside U.S, 
write McGraw-Hill tnt'l., N.Y.C. 


Lee wees eoemaweee 


1 


1 & Seaman 
I 
I 
! 


fw } 


Lesee wom emoeeeeeess 


— 











~ = EMPLOYMENT OPPORTUNITIES 
NATIONAL / T ~4 Advertisements in this section include all empl nt opportunities PHYSICISTS AND 


ecutive, management, technical, selling, office, skilled, manual, etc. 
j 
COVERAGE Positions Vacant Civil Service Opportunities Employment Agencies MATHEMATICIANS 


i P Positions Wanted Selling Opportunities Wanted Employment Services 
Yi Part Time Work Selling Opportunities Offered labor Bureaus 


DISPLAYED ——-RATES ——- UNDISPLAYED 


The advertising rate is $15.00 per inch for all $1.50 per line, minimum 3 lines. To figure 
advertising appearing on other than a con payment count 5 average words as a line. ; 
tract basis. Contract rates quoted on request Position Wanted ads are 4 of above rate fit into the 

An advertising inch is measured {” vertically Box Numbers—counts as | line 
on a columa—3 columns—W inches to a Discount of 10% if full t d r 

> ot u paymen i mace in AIRCRAFT NUCLEAR 


page. advance for 4 consecutive insertions 


How do your 
special skills 


Subject to Agency Commission Not subject to Agency Commission PROPULSION PICTURE? 


Send NEW ADS or Inquiries to Classified Ady. Div. of NUCLEONICS, P.O. Box 12, N. Y. 36, N. Y 





Many physicists and mathematicians 
who recognize the exceptional promise 
tf a career n this fast-growing 


field have asked if their skills can 


lf you are qualified to work on 











Thermodynamic and Air Cycle Analysis 
Reactor Analysis 

Shield Physics 

Nuclear Instrumentation 

Applied Mathematics 

Digital and Analog Computer 
Theoretical Physics 





you can move now into major assign 
ments in the development of nuclear 
propulsion systems for aircraft 


You do not need previous nuclear 
experience Through our full-tuition 
refund plan for advanced university 
ourses and in-plant training con 
ducted by experts, you'll acquire the 
necessary nucleonics knowledge 


The field itself assures you a reward 
ing future, but, more than that, the 
physicist or mathematician who likes 
to work in a top-level scientific 


atmosphere will appreciate our en 
ouragement of creative thinking 


Action: Uy 
‘ our recognition of accomplishment 


Comprehensive benefit program 
Periodic merit reviews 
Excellent starting salaries 
Relocation expenses paid 


Openings in the West and Midwest 


end resume in confidence, stating 


alary requirements, t 


P4125 NUCLEONICS 
CLASS. ADV. DIV. 
P.O. BOX 12, N.Y. 36, N.Y. 


Remarks: 














ASSISTANT CHIEF ENGINEER ENGINEERS PHYSICIST 
If you have been looking for an Employment at 
$15,000 Agency that is skilled in the STATE OF THE oar pret $5390 I rec te aching hoapieal 
Knowledge of Radar, Servos, Fire Control ART of Tec hnical _ Recruitment and RELI. ‘ try ori b ‘ovoks tg Sm Ph nearer 
Equipment, Computers plus the Administra ABILITY OF INFORMATION concerning id ind radiot jological is estigations 
tive ability to coordinate project ind mer positions why not communicate with us at 
Company client assumes all expens once! All Positions Fee Paid “i 3 ——_ i P - ™, ~ ry — 
! aly ‘ we il crm ia natitute 
MONARCH FIDELITY PERSONNEL SERVICE 36 Elm St.. Buffalo 3. New York 


1218 Chestnut St Phila. 7, Pa 
28 E. Jackson Bivd. Chicago 4, Ill Specialists in Aviation and Nucleonics 




















PHYSICS DIVISION 


of the Ontario Cancer Institute 


ASSISTANT TO THE PRESIDENT requires personnel as follows 


lsotope Physicist 
To assist in the establishment and main 


. 
available to tenance of a linical and research isotope 


e e program, Experience with isotopes nece 
Nuclear Energy Organization = -eeyisansen 
iid with a research program dealing 


Broad knowledye atom energy development and application with high energy x-ray machines and to 
arry out clinical work 


College graduate (physics major), attorney, experienced organiz Institute, equipped with a 25 Mev 

on, @ 3 Mev positive ion accelerator 
ar numerous Cobalt and «Cesium units 
‘ flers unique facilities for clinical and fun 
internal communications Compete nt negotiator, administrator jamental research 

Salary dependent upon qualifications 
ul activity, Age 44 ipply to—De. H. BE. JOHNS 
Head, Physics Division 


PW.-4170 Electronics Class. Adv. Div. P.O. Box 12, N.Y. 36, N.Y. Sap an, ae 7 = 


TORONTO, Ontari« 


ing planning programs, analyzing operations, developing effective 


able supervise corporat leg 
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Leadership Vf WU) Yi) 
in Action )) 
TYPE: Experimental boiling water reactor—designed 
Valeo] iii ai>)\aesl mr Vgelolalal Mat idlelal 1m a lolol hicla's 





POWER: 5000 kilowatts of electrical power capable of 
Terese) hvalale Maslel-) mel Maal mt lelela-hdola’a- Ma-lel lia -leal-Jahe_o 


SIGNIFICANCE: The first of five prototype reactors completed 
Wialol-lah dale) 4 @@lol 37 -lle}olaal-Jahe-lmelaels|a lisme) i 
atomic power for civilian use. 


STATUS: Brought to full power in December, 1956. 





1YONNC 


fel. Fy Sam = fe) Vee) ag Teli + MU hake 12 


Operated by the University of Chicago under a 1 -1@) of h-3-1 10) PV ae od od 1-10) 1 | od Oe) of od od 
contract with the United States Atomic Energy Commission 
P.O. Box 299, Lemont, Illinois 


Staff Openings in the Following Divisions: 


PHYSICS 

CHEMICAL ENGINEERING 
REACTOR ENGINEERING 
METALLURGY 

PARTICLE ACCELERATOR 
ELECTRONICS 

REMOTE CONTROL ENGINEERING 
RADIOLOGICAL PHYSICS 








EMPLOYMENT OPPORTUNITIES 


NUCLEAR 
ENGINEERS 


Our Nuclear Engineering Section 
) has immediate openings in its expanding 


GAS COOLED REACTOR and 
CONTROL SYSTEM PROGRAM 


for engineers and scientists experienced in 


REACTOR CONTROLS 
ME ay Wale) | 


REACTOR METALLURGY 


REACTOR PHYSICS 


AND OTHER AREAS OF REACTOR TECHNOLOGY 











FICO’s reputation of offering only positions of permanency is unique. 
We employ only when there is a clear and definite need projected years into the future. 
Send for a copy of “— and It’s a Good Place to Work,” 
a brochure yours for the asking. 


Phone (New York) STillwell 4-9000 or write to Philip McCaffrey 


FORD INSTRUMENT CO. 


DIVISION OF SPERRY RAND CORPORATION 
31-10 THOMSON AVE ° LONG ISLAND CITY 1, N. Y. 
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EMPLOYMENT OPPORTUNITIES 


ENGINEERS mectotetatecetecscatctatete® "cata 
AND 


SCIENTISTS 


with degrees in 
E.E., M.E., Ch.E., or PHYSICS 


ern = REACTOR 
Honeywell |: DESIGN 


ats tun Controls . 
ee Vek ENGINEER 


A WORLD OF 
OPPORTUNITIES 


@® THE COMPANY——Judging a com- 

pany on its past performance consti 

tutes sound logical thinking. Looking = 

over BROWN INSTRUMENTS record of . ; An outstanding opportunity for a 
accomplishment tells a reassuring eS 


story of continuous growth during a”, SENIOR REACTOR ENGINEER with 


nearly a century of pioneering in the | SB Combustion Engineering, Inc., Reactor 
ndustrio! instruments and control ” ee “or 
field 7 Development Division, near Hartford, 


@ ASSIGNMENTS Diversified . . . | * oe Connecticut. 

permanent, non-routine, in the newest | ” ge , : 

scientific field of NUCLEAR INSTRU- a. The engineer selected will be respon- 
MENTATION and AUTOMATION. The "y sible for the mechanical, thermal and 
bulk of our work is for industrial use. ‘ 


structural design of a nuclear power 
@ COMPENSATION—Rewarding . 


salaries are competitive with those ra plant for naval propulsion. His staff 
offered in other industries. Our bene- | A. will be composed of 40 people and 
fits include free group health insur j f e pat : ; 
ence, hospitelization end surgical | < will occupy facilities at the multi-mil- 
benefits, as well as an excellent re- y $ lion dollar engineering and develop- 
tirement plan. Relocation assistance. ‘es M 

; ment center now under construction. 
@ GROWTH — Unlimited ... your 
performance and salory is re-eval- f Ten to fifteen years engineering ex- 
vated twice yearly. Our policy to ; . : : 
promote from within is responsible 7 ) perience is required, including several 


for presen! management, years in the field of nuclear reactor 


© EDUCATION—FExcelient . . . finan- design and a thorough understanding 
cial assistance for those desirous of 


furthering their education at one of — of the principles and problems in the 
several renowned Philadelphia col- , 
leges or universities 


design of nuclear reactors. 


@Men with the vision to create 

and the will to act can find an | ja Send Resume to 
abundant outlet for their creative a Fe, ‘ . 

talent in either RESEARCH, DESIGN Wes’ a Frederic A. Wyatt 
and DEVELOPMENT APPLICATION, ; ; 

or SYSTEMS ENGINEERING. What- 

ever the choice, you and only you 

will be able to control and measure 

your progress with this company, 

which leads the way in a world of 

opportunities . 


Write to D. R. GARVEY | \ € ee 8 4 


es 4 @ | U, j 
Manager Employment, Dept. N COMBUSTION FN 


Honeywell | REACTOR DEVELOPMENT DIVISION 
| WINDSOR, CONN. 


Ye ws hn 


BROWN INSTRUMENTS DIV. 


Wayne & Windrim Aves. 
Philadelphia 44, Pa. 
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EMPLOYMENT OPPORTUNITIES 


OPPORTUNITIES FOR 


Metaliurgists, Ceramic Engineers 
Welding Engineers 
Materials Test Engineers 





An example of Marquardt’s progress and challenge is this new test 
instrument — designed and built by Marquardt Aircraft Co. engineers. 
The only one in existence, it was created to provide information on 
short time elevated temperature properties of materials utilized in 
supersonic missiles and powerplants, 


Engineers are needed to conduct development programs 
aimed at establishing design and manufacturing criteria 
for the application of metals to ramjet engines. These pro- 
grams cover a wide variety of structural materials and 
many different manufacturing processes, 


Included are such diversified programs as: 


The evaluation of new alloys from aluminum to 
molybdenum. 


2 The development and evaluation of new manufacturing 
techniques from welding and forming to the application 
of ceramic coatings and high temperature brazing. 


3 Investigat ions of the physical and mechanical properties 
of materials at temperatures from —350°F to +3000°F 
for service lives ranging from seconds to hours. 
Support of the design and fabrication of experimental 
ramjet engines. 

Requirements exist for personnel at all levels of training 
and experience. Bachelors —or advanced degrees in engi- 
neering are required. 
Now is the time to write that letter, or call 
John Murray, Professional Personnel 
16555 Saticoy +» Van Nuys, Calif. « STate 5-8361 


marqua rdt % AIRCRAFT CO. 








> 


FIRST IN RAMJETS 
Van Nuys, California - Ogden, Utah 


EDITOR 
WANTED 


for responsible 





full-time 

position on 

editorial staff 
of 


NUCLEONICS 
® NUCLEAR ENGINEER 


with education or experience in reactor 
technology or related work, Challeng- 
ing opportunity to keep in close touch 
with entire nuclear power field. Work 
with staff of technical specialists 





Send resume, salary 


requirements fo 





The Editor 
NUCLEONICS 
330 W. 42nd St. 
New York 36, N.Y. 





NUCLEAR PERSONNEL 


Confidential placement service for technical and 
administrative personnel. No fee. Send name and 
address to 


Director, NUCLEAR PERSONNEL 
230 N. LaSalle $., Chicage 2, Illinois 








PHYSICIST 


Starting salary-—$9750,. Ph.D. in nuclear physics 
Must be interested in initiating a broad program 
of radiation research. Minimal clinical duties 
Buffalo 3, New York 

For further information, send summary of edu 
cation and experience to Dr. Normaan A. Baily 
Roswell Park Memoria! Institute, 666 Elim Street, 
Buffalo 3, New York 
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c/o This publication Classified Adv. Div 
NEW YORK: P. O. Box 12 (36) 
CHICAGO: 520 N. Michigan Ave. C11) 
SAN FRANCISCO: 68 Post St. (4) 


Positions Vacant 


Instructor Asst Prof A S80 Prof., Professor 
opening to teach thermodynamics, heat transfer, 
fluid mechanics, machine design, stress analysis, nu 
clear engineering, shop processes or combinations in 
fields mentioned. M.S. required, Ph.D. desirable 
Rank and salary commensurate with qualifications 
Opportunities for sponsored research and consult 
ing Write Prof c I Grace Chairman, Me 
chanical Engineering, University of New Mexico, 


Albuquerque New Mexico 


Nuclear Engineers To direct reactor experiments, 

supporting research and development work, and to 

all reactor hazard proposals for the AEC, 

D« $5,000-$12,000. Requires BS 

M.f Met. Acro.E., Physics, with 

ve experience in the design construction, 

eration of reactor systems, Contact John E 
USAEC, Wash., D4 
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INDUSTRIAL APPLICATIONS 
OF RADIOISOTOPES 
WITH THE 
TRI-CARB SPECTROMETER 


Tracer Research involving industrial organic 
compounds — oil and gasoline, solvents, phar- 
maceuticals, plastics 


Ground Water Studies—large scale woter 
distribution problems, such as pollution and 
waste disposal. 


Large Scale Tagging of plant operation with 
safety and economy of radioactive materials 


bas 


Tri-Carb Liquid Scintillation Counting 
has opened many new possibilities for 
industrial applications of radioisotopes 
by making low level counting of soft 
beta emitters a simple routine proce- 
dure, Consider the following facts to 
see how this method might be applied 
to your own work, 

Every single organic compound can 
be uniquely identified with the radio- 
active isotopes of hydrogen and carbon. 
These isotopes... Tritium and Carbon- 
14... are readily available and simple 
to use, They emit very soft beta radi- 
ation which cannot penetrate even a 
thin glass container. Other common 
soft beta emitters that are now being 
successfully used in industrial applica- 
tions are Sulphur-35 and Calcium-45. 

Although the Tri-Carb Liquid Scintil- 
lation Spectrometer is sensitive enough 
to be used for natural radiocarbon dat- 
ing of preserved organic materials that 
are over 40,000 years old, it is still 
simple enough to be used for counting 
hundreds of ordinary samples per day. 
Obviously the possibilities for practical 
industrial applications of radioactive 
tracers are greatly enhanced now that 
measuring equipment with this inher- 
ent sensitivity is available for routine 
use. Costs, safety, etc., cease to be 
limiting factors, and even the labeling 
of consumer products becomes a prac- 
tical consideration. 

For additional general information re- 
quest Bulletin 314. For spe — 
cific information on your |"™ 
requirements, provide appli- 
cation details. 
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exceptional high voltage 


FOR 
SCINTILLATION 


COUNTING , _ | 
MODEL 312 
... less than 0.02% drift per day ee high voltage 
regardless of line voltage supply 


a 


fluctuations 
SPECIFICATIONS 


Baird-Atomic’s Model 312 High Voltage Supply provides a high 
Stability: 0.02°; maximum drift per day 


degree of regulation and superior stability over long periods. Drift 
Line regulation: 0.01°; for line variation from 100 to 


is practically eliminated, resulting in maximum statistical accuracy 
130V. (3 ppm per volt line change 





for successive experiments in radiation spectroscopy or precision 
r F id h Range: Less than 200V. to greater than 1400V. in 17 
scintillation counting. Front panel receptacle provides either positive steps 


or negative high voltage output by use of single front panel switch. 
3 g 9g P Y J P Maximum output: | milliamp, positive or negative 


For detailed information on the Model 312 and other Baird-Atomic Power: 110V. 60 cycle AC 
High Voltage Supplies please request Bulletin 312-1. able for export 


50 cycle version now avail 
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DRIFT CURVES 
OF TYPICAL 
HIGH VOLTAGE 
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MODEL 312 SUPPLY 
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HIGH VOLTAGE 
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VOLTS OFFI I5v = ee 
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ATOMIC EXPOSITION AND NUCLEAR CONGRESS 
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».. reactor instrumentation for every need 


As soon as you start planning controls for 
your nuclear reactor, consider the advan 
tages of having Honeywell design, engineer, 
assemble, test and service your instrumenta 
tion for you. 


Honeywell can supply all the instrumenta 
tion you need—a single amplifier, thermo 
couple or recorder, or a complete custom 
made, packaged system. 


From this one reliable source comes first 
quality instruments, designs that have been 
proved in practice since the very inception 
of the atomic energy program, specialized 
engineering assistance . . . and undivided 


oe 
See Honeywell reactor’ Wastrumentation 
in Booths 436-440 
at the Atomic Exposition and Nuclear Congress 
Convention Hall, Philadelphia 
March 11-15 


responsibility for your installation. From the 
industry’s largest-by-far service organiza 
tion, you get all the help you need with 
installation, startup and maintenance of 
your controls. 


When your plans begin to take shape, con 
tact your nearby Honeywell sales engineer 
for assistanee. He’s as near as your phone. 


MINNEAPOLIS- HONEYWELL REGULATORCO., 
Industrial Division, Wayne and Windrim 
Avenues, Philadelphia 44, Pa.—in Canada, 
Toronto 17, Ontario. 


Honeywell 
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